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Chapter 1  
Introduction, objectives and outline of the thesis 
 
Relevance of the topic and scope 
 
1. Pollution of the marine environment  
 
Pollution of the marine environment with emerging contaminants (ECs) is one of the main 
problems that threatens the world’s marine resources. EFSA defines contaminants as 
“chemical substances that have not been intentionally added to food or feed. These 
substances may be present in food as a result of the various stages of its production, 
processing, or transport. They also might result from environmental contamination. 
Contaminants may pose a risk to animal and human health”. Contaminants are considered to 
be emerging when there is a scarcity of information in the scientific literature, but of which it 
is expected to have the potential to pose health risks to living organisms, including humans 
and marine organisms (Gavrilescu et al., 2015; Mostofa et al., 2013; Sauvé et al., 2014). The 
list of emerging contaminants may include contaminants for which no maximum levels have 
been laid down in EU legislation, but also previously identified compounds for which 
maximum levels have been laid down but which need revision due to new hazard information 
(Vandermeersch et al., 2015).  Examples of ECs are (1) brominated flame retardants which 
are widely used in a variety of polymer and plastic applications and in a broad range of 
consumer products, (2) musks used as fragrances in detergents, fabric softeners, household 
cleaning products, air fresheners, cosmetics, soaps, shampoos and perfumes, (3) 
perfluoroalkyl substances, which are a class of persistent contaminants widely used as 
surfactants, lubricants, adhesives, fire or flame retardants, propellants and medicines, and 
(4) pharmaceuticals (Alaee et al., 2003; Balk and Ford, 1999; Renzi et al., 2013). Also 
microplastics, for which human toxicity data are lacking, are considered as an emerging 
contaminant (Avio et al., 2017, Van Cauwenberghe et al., 2014). The presence of ECs in 
marine ecosystems is attributed to various causes with anthropogenic activities as one of the 
major sources. Specific examples are effluents of municipal, industrial and agricultural 
activities, compounds excreted from the human body (e.g. pharmaceuticals and their 
metabolites), discharge of expired and unused pharmaceuticals from households, hormones 
and antibiotics used in aquaculture and terrestrial livestock production, fishery activities, 
tourism and ship breaking. In addition to human activities, ECs can also emerge naturally as 
a result of algal blooms or from events such as storms or floods which remobilize 
contaminants from sediments (Allen, 2011; Moore et al., 2013; Mostofa et al., 2013; Shao, 





exacerbated by global warming and by the growing world population. Pollution of the marine 
environment as well as overfishing are key factors imposing pressure on the availability, 
quality and safety of seafood species and products, entailing a potential risk to human health 
and specific challenges for environmental and public health policy (Allen, 2011; EBM, 2013; 
Moore et al., 2013; Nelleman et al., 2008; Nieto et al., 2015). Aquaculture plays an important 
role in meeting the growing demand of seafood products. In 2013-2015 the share of 
aquaculture in total fishery production was on average 44%. This share is estimated to 
surpass capture fisheries in 2021 and to reach 52% in 2025 (FAO, 2016). But, in order to be 
a sustainable alternative for wild fish, aquaculture has to be less dependent from wild fish for 
feed and to modify practices (FAO, 2014; Lloret et al., 2016; Nieto et al., 2015). New forms of 
farming are necessary in order to mitigate nutrient pollution for example (EC, 2015b).  
As it is estimated that marine ecosystems will be polluted three times more in the next 50 
years compared to the last 50 years, mitigation measures are urgently needed (Mostofa et 
al., 2013). The importance of raising public awareness about the problems related to 
pollution of the marine environment has been stressed in various studies (Moore et al., 2013; 
Mostofa et al., 2013; Nelleman et al., 2008). This is particularly relevant because processes 
and changes in the ocean take place under its surface, meaning that marine environmental 
problems do not belong to the typical “radar screen” of human perception (Nelleman et al., 
2008).  
 
2. Nutritional-toxicological conflict 
 
Due to pollution and hence due to the presence of contaminants in the marine environment,  
seafood may be contaminated with these components resulting in potential risks for human 
health related to seafood consumption. But in contrast, health benefits of consuming seafood 
are well known and undeniable. Seafood is a good source of high-quality proteins and 
micronutrients, such as iodine, vitamin D, selenium and zinc. In addition, seafood is the most 
important source of long chain omega-3 polyunsaturated fatty acids (LC n-3 PUFAs). This 
dualism is generally known as the nutritional-toxicological conflict related to seafood 
consumption (Sioen et al., 2008b).  
Because of health benefits outweighing the health risks with the advised two portions (of 
about 150 g) of fish per week for the main part of the population, health authorities and 
expert organisations have continued to advocate fish as a healthy product over the past 
decades (EFSA, 2014b; Olsen, 2003). Although this was the main message that has been 
communicated to the general public, this recommendation is criticised in a review by 
Domingo (2016). According this review, not only the frequency of seafood consumption has 
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to be taken into account for balancing the health benefits and risks, but also the specific type 
of fish and shellfish species consumed as well as the size of the meal. This advice is based 
on more recent studies that included concentrations of series of metals and 
organohalogenated compounds in seafood, such as polychlorinated dibenzo-p-dioxins and 
dibenzofurans (PCDD/PCDFs), polybrominated diphenyl ethers (PBDEs), polychlorinated 
diphenyl ethers (PCDEs), polychlorinated naphthalenes (PCNs), perfluorinated compounds 
(PFCs) and polycyclic aromatic hydrocarbons (PAHs) (Domingo, 2016). 
Beside population based recommendations on seafood consumption, a targeted 
communication approach for certain populations (e.g. pregnant women and young children) 
is advised in order to ensure that these groups consume fish species that are low in 
contaminants, but high in omega-3 fatty acids (Hellberg et al., 2012).  
Furthermore, seafood consumption recommendations should also guarantee that the 
advocated behaviour is environmentally sustainable, as a conflict may exist between the 
advice to increase seafood consumption and the pressure on fish stocks in the wild (Clonan 
et al., 2012). 
3. Consumers’ perception, behaviour and communication 
 
Earlier research revealed that consumers have, in general, a positive image of fish. Fish is 
mainly seen as healthy and the attitudes towards eating fish are strongly favourable. In 
addition, the benefit for human health is an important driver for fish consumption 
(Christenson et al., 2017; Olsen, 2003; Pieniak et al., 2008; Trondsen et al., 2004; Verbeke 
and Vackier, 2005). 
At the same time, high levels of concern about marine pollution among Europeans are 
reported by Gelcich et al. (2014) and water pollution is stated as one of the environmental 
issues that European citizens are most concerned about (Eurobarometer, 2014). But, 57% of 
the participants of a survey, performed in 10 European countries, did not believe that their 
individual action could tackle marine degradation (Gelcich et al., 2014). The ambivalence 
between the rather strong concern and high awareness about marine environmental 
problems, and a low belief in the own capability of making a difference in solving marine 
environmental problems, can be explained by the belief of the general public that a global 
approach is needed, including for example collective actions and political support (Ellen et 
al., 1991). Furthermore, research on stakeholder perceptions towards marine litter across 
Europe has demonstrated that respondents perceived that government, industry, commercial 
users and general public are highly responsible, but less competent than independent 





Previous research has highlighted the need to raise awareness about marine environmental 
contamination as well as the need to communicate about how behavioural and lifestyle 
choices can help in improving marine health in order to trigger the general public to take 
greater responsibility for the oceans (Bound et al., 2006; Eurobarometer, 2014; Gelcich et al., 
2014; Mainieri et al., 1997; Mostofa et al., 2013). Moreover, communication efforts can 
inform consumers about the link between the condition of the marine environment and 
human health (Allen, 2011; Mostofa et al., 2003).  
Since knowledge leads to better choices by consumers and can help improving health 
outcomes, the necessity of well-designed risk-benefit communication activities including 
knowledge about the health benefits and risks of seafood consumption has recently been 
stressed (Engelberth et al., 2013). Furthermore, as a natural resource is affected with these 
communication activities, it is of utmost interest to provide information and knowledge about 
environmental sustainability in seafood consumption advices. Advice should cover 
information to enable consumers to meet their nutritional needs, while at the same time 
protecting fish stocks as this is theoretically possible (Clonan et al., 2012; Nesheim & Nestle, 
2014; Oken et al., 2012). 
Research objectives and thesis outline 
 
Due to the dualism of the nutritional aspect of consuming seafood on the one hand and the 
toxicological and ecological sustainability (seafood availability) aspects on the other hand, 
developing information and recommendation messages regarding seafood consumption 
to the general public is complex and must be based on different, high-quality data. To tackle 
this, both the public perception (“Human subjectivity”) as the health risk assessment 
aspects related to seafood consumption (“Scientific objectivity”) are investigated in this thesis 
(see Figure 1.1 for a schematic representation). The results of these two parts serve to 
develop information and recommendation messages aiming to optimise the impact of 
seafood consumption on public health while protecting seafood stocks. 
 
Figure 1.1. Schematic representation of the structure of this thesis, representing the main parts that are 
investigated together with the positioning of the Research objectives (RO). 
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To avoid confusion about terminology, the generic term ‘seafood’ is used in this thesis for 
fishery products and bivalve molluscs, and no distinction is made between products coming 
from the sea and other sources, nor between wild catch and aquaculture species (adopted 
from (EC) No 853/2004). 
The term ‘(environmental) sustainability’ used in this dissertation, involves the sustainability 
of seafood as a food source. It is related with ‘sustainable exploitation’, which means the 
exploitation of a stock in such a way that the future exploitation of the stock will not be 
prejudiced and that it does not have a negative impact on the marine eco-systems ((EC) No 
2371/2002). 
Research objective 1: Map consumer perception and knowledge about potential 
environmental contaminants in seafood and their perceived impact on seafood safety 
and public health. 
The first objective is to have insight in consumers’ health risk-benefit perception related to 
seafood. In addition, health risk-benefit perception is studied in relation to seafood 
consumption frequency, general attitude towards consuming fish and confidence in control 
organisations. Furthermore, health risk-benefit perception is studied in relation with 
perceptions related to the marine environment, i.e. attitude towards the marine environment 
and environmental concern.  
→ Chapter 2: Consumers’ health risk-benefit perception of seafood and attitude towards the 
marine environment: Insights from five European countries 
Research objective 2: Study the interrelationship between awareness and concern 
about marine environmental problems with Perceived Consumer Effectiveness (PCE), 
being a predictor of pro-environmental behaviour. 
The realisation of research objective 1 gives insight in the relationship between the perceived 
impact of environmental contaminants on seafood safety and perceptions related to the 
marine environment. Within this second objective, it is the goal to further explore perceptions 
related to the marine environment and furthermore, to explore these perceptions in 
relationship with Perceived Consumer Effectiveness (PCE). PCE is the belief that an 
individual has in being able to make a difference when acting alone. The main goal of this 
research objective is to develop information strategies to enhance PCE among consumers in 
order to catalyse their pro-environmental behaviour in relation to the marine environment.  
→ Chapter 3: Marine environmental contamination: Public awareness, concern and 





Research objective 3: To perform a risk assessment in order to assess the potential 
impact of seafood contaminants on public health. Particularly to assess the health 
risks of seafood consumption based on in-depth probabilistic exposure assessment. 
The first goal within this objective is to screen for which contaminants the seafood 
consumption pattern could be of concern for public health by performing an exposure and 
risk assessment through a pragmatic approach. Second, based on these results, a detailed 
risk assessment is performed for a specific contaminant, i.e. methylmercury. 
→ Chapter 4: Risk assessment for a selection of contaminants 
→ Chapter 5: Case study: Risk assessment of methylmercury in five European countries 
considering the national seafood consumption patterns 
Research objective 4 : Test the possible impact of information messages on seafood 
consumption targeted at the general public. 
The completion of research objectives 1 and 2 results in insight about the perceptions related 
to health risks and health benefits of consuming seafood, and related to the marine 
environment. In addition, completion of objective 2 reveals how pro-environmental behaviour 
can be enhanced. These insights, together with the results of objective 3, namely the risk 
assessment of marine environmental contaminants, allow to develop information and 
recommendation messages and to test the impact of these messages targeted at the general 
public. 
→ Chapter 6: Consumer response to health and environmental sustainability information 




This doctoral dissertation has been performed within the framework of the ECsafeSEAFOOD 
project (2013-2017). The project was funded under the Seventh Framework Programme of 
the European Commission, Cooperation, Food, Agriculture and Fisheries, and 
Biotechnology, grant agreement no. 311820. The overall objective of this project was to 
assess food safety issues related to priority contaminants present in seafood as a result of 
environmental contamination (including those originating from harmful algal blooms and 
those associated with marine litter) and evaluate their impact on public health, contributing to 
the improvement of seafood risk management and risk communication. Within this project, 
this doctoral research focused particularly on the goal to investigate what kind of information 
is necessary and should be disseminated to the general public in order to reduce public 
health risks from seafood consumption. Specifically to (1) Map consumer perception and 
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knowledge, about potential (environmental) contaminants in seafood and their perceived 
impact on seafood safety and public health; (2) Perform a risk assessment in order to assess 
the impact of seafood contaminants on public health; (3) Test the possible impact of 
information messages targeted at the general public. 
Consumers do not react equally, systematically and predictably to information (Golan et al., 
2001). Consumers’ attitudes, knowledge, concerns about seafood safety and the marine 
environment are some of the individual characteristics that account for differences in 
information needs and reactions to communication. The finding that much of information 
about food is ignored or perceived as irrelevant to consumers is attributed to the fact that 
much of this information fails to address the consumers’ specific needs and expectations 
(Salaün and Flores, 2001). This dissertation contributes to the need to have insight in these 
perceptions, attitude, awareness and concerns in five European countries with different 
seafood consumption patterns.  
Additionally, this research is a novel contribution to the evaluation of potential health risks 
through seafood consumption by considering five European countries and by considering 
detailed data on consumption levels of 32 different seafood species. Evaluation of potential 
health risks through seafood consumption is performed for 25 different compounds. 
This research did not only focus on the public health part but also studied perceptions about 
seafood in relation with concern about the marine environment. By assembling different parts 
of information through the research in this dissertation, an information message is developed 
to be disseminated to the general public aiming to reduce potential health risks and aiming to 






Research design and data sources 
  
Two different surveys were developed in order to meet the four different research objectives, 
including different samples of respondents and different time points (Figure 1.2).  
Data obtained through consumer survey 1 is used in order to meet RO1, RO2 and RO3. 
RO3, namely assessing the impact of seafood contaminants on public health by performing a 
risk assessment, requires two different parts of data: (1) consumption data and (2) 
concentration data. Consumption data was obtained through survey 1. A concentration 
database was compiled based on concentration data (from pooled samples) collected within 
the ECsafeSEAFOOD-project combined with additional data from scientific literature 
(secondary data). The concentration data includes data originating from measurements 
performed in raw and canned samples of species commercially relevant in Europe.  
Consumer survey 2 was developed in order to meet RO4. Therefore pre (before exposure to 
the message) and post measurements (after exposure to the message) were collected to 
determine the impact of the exposure to the message. 
  
 
Figure 1.2. Structure of this thesis  including representation of research design and data sources  
 
Consumer survey 1 
A first web-based survey was performed in five countries across Europe (Belgium, Ireland, 
Italy, Spain and Portugal). These countries have been selected to cover western, northern 
and southern Europe, consequently covering a heterogeneous European population, both 
culturally and in terms of seafood consumption. Field work data collection was performed in 
October 2013 with the help of a market research agency. A total sample size of 2917 
respondents was realised, including data collected from 67 respondents from the Canary 
Islands (Spain) and 64 respondents from Madeira (Portugal). To avoid overrepresentation of 
these regions relative to their share in their respective countries’ populations, random 
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selection was performed within the samples from the Canary Islands and Madeira. This 
resulted in a final sample size of 2824 participants for analysis. The samples were nationally 
representative in each country regarding gender and age within the range of 18-75 years. 
Table 1.1 tabulates the socio-demographic profile of the sample. 
Table 1.1.  Survey 1: Distribution of the sample on gender and age in Belgium, Ireland, Italy, Spain and 
Portugal. 













Gender (%) Female 49.8 50.4 51.1 49.2 49.5 50.0 
 
Male 50.2 49.6 48.9 50.8 50.5 50.0 
Age (%) 18-24 11.5 15.7 10.0 10.3 12.1 11.9 
 
25-39 28.9 36.0 27.3 35.1 35.0 32.5 
 
40-50 22.4 21.4 23.9 21.6 22.6 22.4 
 
51-60 17.4 15.3 18.9 16.9 17.2 17.1 
  61-75 19.8 11.7 19.8 16.0 13.1 16.0 
 
An English master questionnaire was developed and translated into the national languages 
of the other countries involved in the study (Dutch, French, Italian, Spanish and Portuguese). 
The translations were verified by using the procedure of back-translation. The questionnaire 
was pre-tested in each country in order to verify its comprehensibility. Questionnaires were 
web-programmed and the web-links were pre-tested in each country.  
Consumer survey 2 
A second web based survey was performed in two European countries, namely Belgium 
(Flanders) and Portugal. These two countries were selected because Belgium has a rather 
low mean seafood consumption frequency and Portugal has a high mean seafood 
consumption frequency compared with the current general recommendation to eat seafood 
twice per week (Jacobs et al., 2015b). The differences in seafood consumption habits and 
traditions between both countries allow to assess the impact of the communication activity in 
a more heterogeneous population and different segments in terms of consumption 
frequency, attitudes and knowledge in relation to seafood (Altintzoglou et al., 2010).  
Field work data collection was performed in December 2014 in collaboration with an 
international market research company for participant recruitment. The final sample size was 
n=474 participants in Belgium and n=512 participants in Portugal. Samples were nationally 
representative for gender and age within the range 18-70 years. The distribution of the 





Table 1.2. Survey 2: Distribution of the sample on gender and age in Belgium (Flanders) and Portugal. 
    Belgium, Flanders (n=474) Portugal (n=512) 
Gender (%) Female 51.3 51.6 
 
Male 48.7 48.4 
Age (%) 18-24 years 11.4 12.7 
 
25-39 years 26.8 31.6 
 
40-50 years 25.1 25.2 
 
51-60 years 20.5 21.9 
  61-70 years 16.2 8.6 
 
An English master questionnaire (used pre and post exposure to the message) was 
developed and translated into the national languages (Dutch and Portuguese). Translations 
were verified by using back-translation. Pre-tests were done in each country to verify the 







Contaminants in the marine environment: PUBLIC PERCEPTION 
 
 
The overall aim of this thesis is to develop an information strategy aiming to reduce potential 
health risks and at the same time optimising the health benefits due to seafood consumption, 
and simultaneously taking into account environmental sustainability. In order to reach this 
goal, insight in consumers’ perceptions and consumers’ knowledge is needed so that 
information provision and communication efforts can be targeted. In Chapter 2 insight is 
given in health risk-benefit perception of European consumers as such, but also in relation to 
seafood consumption frequency, general attitude towards consuming seafood and 
confidence in control organisations. Furthermore, the association between health risk-benefit 
perception and perceptions related to the marine environment are studied.  
In Chapter 3, the aspect of consumers’ concern about marine environmental contamination 
will be further explored in such a way that knowledge is gained about consumers’ concern 
about marine environmental contamination, awareness of causes of contaminants, Perceived 







→ Research objective 1: Map consumer perception and knowledge about potential 
environmental contaminants in seafood and their perceived impact on seafood safety and 
public health. 
→ Research objective 2: Study the interrelationship between awareness and concern about 
marine environmental problems with Perceived Consumer Effectiveness (PCE), being a 






Chapter 2  
Consumers’ health risk-benefit perception of seafood and attitude 




















This chapter is based on: 
Jacobs, S., Sioen, I., Pieniak Z., De Henauw S., Maulvault A.L., Reuver M., Fait G., Cano-
Sancho G., Verbeke W. (2015). Consumers’ health risk-benefit perception of seafood and 
attitude toward the marine environment: Insights from five European countries. 




A large number of studies have been dedicated to the benefits and risks for human health 
resulting from the consumption of seafood (Frewer et al., 2016; Hellberg et al., 2012). In 
addition, the media have conveyed lots of - sometimes contradictory -  messages about 
potential health benefits and health risks to consumers.   
This recently grown attention is the result of the nutritional-toxicological conflict regarding the 
consumption of seafood. On the one hand, seafood is a source of essential nutrients, 
particularly high quality protein, retinol, vitamin D, vitamin E, iodine, selenium and the 
essential long-chain omega-3 polyunsaturated fatty acids. But on the other hand, seafood 
may also be contaminated with components present in the aquatic environment such as 
micro-organisms, algae biotoxins, and contaminants (for example methylmercury, dioxins 
and polychlorinated biphenyls) (Mozaffarian and Rimm, 2006b; Sumner and Ross, 2002). 
Earlier research, which focused mainly on the balance between methylmercury, dioxins, 
polychlorinated biphenyls, versus eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), showed that the health benefits outweigh the health risks for the main part of the 
population when consuming the recommended two portions of fish per week, of which one 
portion should be fatty fish (Hughner et al., 2008; Mozaffarian and Rimm, 2006b; Sioen et al., 
2008a; Sioen et al., 2008b; Smith and Sahyoun, 2005). However, special attention has to be 
paid to vulnerable consumer groups, namely women of childbearing age, pregnant women, 
nursing mothers and young children (up to 12 year of age). These consumer groups are 
advised to avoid particular species from specified origins (Hellberg et al., 2012; Mozaffarian 
and Rimm, 2006b; Sioen et al., 2008b). In addition, in a recent review by Domingo (2016) it 
is described that not only the frequency of seafood consumption has to be taken into account 
for balancing the health benefits and risks, but also the specific type of fish and shellfish 
species consumed as well as the size of the meal.  
Earlier research revealed that consumers have, in general, a positive image of fish (Olsen, 
2003; Pieniak et al., 2008; Trondsen et al., 2004; Verbeke and Vackier, 2005). More recent 
research performed among consumers in Russia also described that consumption of fish is 
perceived as having high health benefits compared to the safety risks (van Dijk et al., 2011b). 
However, the extent to which an individual deals with health benefit perception and health 
risk perception towards seafood may be different. The study by van Dijk et al. (2011b) 
identified four segments based on personal health risk and personal health benefit 
perception and significant differences regarding seafood consumption frequency between the 
segments were found. The participants within the segments with the highest benefit 





Identifying homogeneous subgroups of consumers who differ in health risk perception and 
health benefit perception is important for targeted health information campaigns. Information 
campaigns targeted at a specific audience are more likely to achieve their intended impact 
than broadly oriented campaigns (Verbeke, 2008). Cluster analysis is an appropriate tool to 
identify and select target groups and the importance of segmentation is widely acknowledged 
in social marketing, especially for designing tailored health marketing campaigns (Verbeke, 
2008). Insight into the behaviour and beliefs of the different subgroups facilitate the 
development of communication strategies (Pieniak et al., 2010a). In addition, cross-cultural 
differences may exist between consumers across different member states of the European 
Union with respect to historical experiences related to food safety. Consequently, a regional 
strategy has previously been advised for food risk communication (Cope et al., 2010).  
The relationship between health risk-benefit perception of seafood and seafood consumption 
frequency was already the subject of a number of studies (Birch and Lawley, 2012; Burger 
and Gochfeld, 2009; Pieniak et al., 2008; van Dijk et al., 2011b). However, little attention has 
been paid to the simultaneous impact of benefit and risk perception and to the effect of 
country on relevant relationships (Ueland et al., 2012; van Dijk et al., 2011b; Verbeke et al., 
2008). In addition, to our knowledge, the association between health risk-benefit perception 
of seafood and perceptions related to the marine environment has not been investigated yet. 
An interconnection exists between the status of the marine environment and both public 
health and general well-being (Moore et al., 2013). Hence, it is of interest to determine 
whether this association also exists in the consumers’ minds. If consumers are aware of the 
link between the status of the marine environment and their personal health, then this may 
imply that marine environmental issues hold an appeal to them. Consequently, they might be 
willing to take personal responsibility towards the marine environment as this may influence 
their personal health and general wellbeing. For example, a higher awareness of this link 
may cause consumers to help reducing contamination of the marine environment by, for 
example, correct disposal of drugs or pharmaceuticals, using alternatives for plastic 
packaging (e.g. reusable shopping bags), using facial cleansers and other personal care 
products without polyethylene and polypropylene microbeads and using detergents 
containing ingredients that are biodegradable, non-polluting and free of synthetic dyes or 
perfumes (Bound et al., 2006; Mainieri et al., 1997; Mostofa et al., 2003, Sigler, 2014).  
A cluster analysis based on health risk and health benefit perception of seafood consumption 
is performed in the present study. This method is used because of (1) the expected 
difference in the extent to which an individual perceives health risks and health benefits 
regarding seafood and (2) the importance of identifying homogeneous subgroups for 
targeted health information campaigns. Three different aspects are considered in this study. 
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First, this study aims to understand the associations between health risk-benefit perception 
and seafood consumption frequency on the one hand and general attitude towards 
consuming seafood on the other hand. A weaker general attitude towards consuming 
seafood may imply a higher risk perception and a lower benefit perception. Second, the 
relationship between consumers’ risk-benefit perception and opinions related to the marine 
environment is investigated. It is hypothesised that people who have a more negative attitude 
towards the marine environment and have higher concerns about marine environmental 
problems also have a higher health risk perception and a lower benefit perception in relation 
to seafood compared to people who have a more positive attitude and have lower concerns 
about marine environmental problems. Third, this study investigates whether confidence in 
seafood safety control organisations is associated with health risk-benefit perception of 
seafood. The data for this study were collected via a survey that has been conducted in five 
European countries. As cross-cultural differences may exist between these countries 
regarding risk-benefit perception of seafood, the effect of country on the outcome variables is 
simultaneously examined with effects of risk-benefit perception.  
2.2. Materials and methods 
2.2.1. Data collection 
A web-based survey was conducted (in October 2013) in five European countries, namely 
Belgium, Ireland, Italy, Portugal and Spain. The samples were nationally representative 
regarding gender, region and age within the range 18-75 years. Table 1.1 in Chapter 1 
tabulates the socio-demographic profile of the study sample. 
2.2.2. Questionnaire content 
Self-reported seafood consumption frequency was measured as the number of portions per 
week, indicating that one portion is about 150-200 g. A 7-point frequency scale ranging from 
never to daily was used. Responses on this categorical scale were recoded into frequencies 
per week according to the following formula: never = 0, less frequently = 0.25, once a week = 
1.0, 2 times a week = 2.0, 3-4 times a week = 3.5, 5-6 times a week = 5.5, daily = 7.  
Seven statements were included to measure health risk perception (Cronbach’s α = 0.96) 
regarding seafood consumption. Three items referring to chemical contamination, bacterial 
contamination and a general statement about possible food contamination related to the 
consumption of seafood were used previously by Pieniak et al. (2008). Statements regarding 
exposure to algae biotoxins and parasites via seafood consumption were added as well as 
two statements related to chemical contamination in seafood in comparison with 
contamination in meat and seafood spoilage, namely “Seafood is riskier to eat than meat 





am afraid of seafood spoilage”. A 7-point Likert scale ranging from “totally disagree” (1) to 
“totally agree” (7) was used for all items.  
Health benefit perception (Cronbach’s α = 0.94) was assessed by scoring three items on a 7-
point Likert scale ranging from “totally disagree” (1) to “totally agree” (7). Items included 
“Eating seafood is good for my health”, “Eating seafood allows me to live healthily” and 
“Eating seafood helped me to grow up healthy”. This construct was based on Pieniak et al. 
(2010b). 
To measure confidence in control organisations several organisations involving in the 
regulation, monitoring or control of seafood quality and safety were considered (Cronbach’s α 
= 0.89): European Food Safety Authority (EFSA), national food safety authorities, consumer 
organisations, seafood industry/processors, retailers and independent control organisations. 
The respondents were asked to rate each of these organisations on the question “How 
confident are you in the following organisations’ abilities to control the safety of seafood?” on 
a 7-point interval scale ranging from ‘‘not at all confident” (1) to ‘‘very confident” (7). This 
construct and the selection of organisations were based on Eurobarometer (2010) and 
Pieniak et al. (2007). 
Items to assess environmental concern, adapted to the marine environment, were scored on 
a 7-point Likert scale ranging from “totally disagree” (1) to “totally agree” (7) to measure the 
concern about marine environmental problems (Cronbach’s α = 0.94). The respondents were 
presented with statements such as:  “I am concerned about marine environmental problems 
because of the consequences for my personal life”. The items used in this statement were: 
(1) egoistic items, namely “my personal life”, “my health”, (2) altruistic items, namely “all 
people”, “people where I live”, and (3) biospheric items, namely “seafood”, “birds” (Schultz, 
2001; Snelgar, 2006).  
To measure attitude towards the marine environment (Cronbach’s α = 0.96), the statement 
“We would like you to consider how you feel when you think about the marine environment. 
Please indicate for each set of words which word best describes your feelings?” with bipolar 
adjectives “bad/good”, “unsatisfied/satisfied”, “unpleasant/pleasant”, and “negative/positive” 
was scored on a 7-point scale (Sparks and Guthrie, 1998).  
Also general attitude towards fish (Cronbach’s α = 0.96) was measured by using these four 
bipolar adjectives (Perez-Cueto et al., 2011) and the statement “We would like you to 
indicate how you feel when you eat fish”. 




2.2.3. Statistical analysis 
A two-step cluster analysis was performed to determine segments based on the health risk 
and health benefit perception of the respondents regarding seafood consumption, further 
referred to in the paper as risk-benefit perception segments (RBP-segments). Ward’s 
hierarchical cluster method was used to identify homogeneous segments based on health 
risk and health benefit perception of seafood as the segmentation variables. After 
determining the optimal number of segments, the non-hierarchical K-means cluster method 
was used to optimise the solution (Hair et al., 2010). Chi-square cross-tabulation, one-way 
ANOVA and a robust two-way ANOVA, using the 10% trimmed means, were performed to 
profile the RBP-segments. The trimmed mean represents the estimated mean after 
discarding 10% of the low and high end of the distribution. The trimmed mean has a standard 
error that is less affected by heavy tailed distributions or outliers (Keselman et al., 2008; Luh 
and Guo, 2001). This robust two-way ANOVA was preferred because it relaxes the 
assumption of normality and homoscedasticity (Field et al., 2012b; Wilcox, 2012). A two-way 
ANOVA has the advantage to investigate the association of RBP-segment and country as 
well as the interaction between these variables simultaneously on the different outcome 
variables. Studying the interaction between the RBP-segment and country is of importance 
because the association between the RBP-segments and outcome variables may vary 
depending on the participants’ country. The RBP-segments were compared in terms of 
socio-demographic variables, seafood consumption frequency, general attitude towards 
consuming fish, confidence in control organisations, attitude towards the marine environment 
and concern about marine environmental problems. Statistical testing was done at the α = 
0.05 level. Data were analysed using the statistical software SPSS version 21.0 and the 







2.3. Results and discussion 
2.3.1. Cluster analysis 
Cluster analysis was performed based on both health risk and health benefit perception of 
seafood. A six-segment solution emerged as the optimal solution. Mean ratings on the 
classification variables are shown in Table 2.1. Although 92.1% of the respondents belong to 
a RBP-segment with an average risk perception score below the neutral point, there are 
significant differences between the segments regarding both risk and benefit perception 





Table 2.1. Mean ratings and the 95% confidence interval (CI, between brackets) of the segments on the classification variables. 
Segment description 
Segment 1  
HighR_HighB 










F (Welch) p-value 
Risk perception high neutral low low neutral low 
  
Benefit perception high neutral neutral low high high 
  
Size (% of sample) 7.93 22.34 17.60 4.25 18.41 29.46 























(1.32-1.38) 3267.58 <0.001 

























(6.64-6.70) 2351.96 <0.001 







Segment1 is characterised by the highest risk perception and accounts for 7.9% of the 
respondents, meaning that the segment with the highest risk perception is also the second 
smallest of the six segments identified. Segment 2 represents 22.3% of the respondents and 
is characterised by a neutral risk and a neutral benefit perception. Segment 3 consists of 
17.6% of the respondents and has a low score on risk perception and a neutral score on 
benefit perception. Segment 4 is the smallest segment, accounting for only 4.3% of the 
respondents, and has a low score on risk perception and the lowest score on benefit 
perception. Segment 5 consists of 18.4% of the respondents and has a neutral risk 
perception and a high benefit perception. Segment 6, which is characterised by the lowest 
risk perception and the highest benefit perception forms the largest group, namely 29.5% of 
the respondents. The segments are further referred to in this paper as HighR_HighB 
(Segment 1), MedR_MedB (Segment 2; “Med” refers to medium), LowR_MedB (Segment 3), 
LowR_LowB (Segment 4), MedR_HighB (Segment 5), LowR_HighB (Segment 6). 
Benefit perception scores are rather high in general. Possible explanations are (1) that 
seafood is known and consumers are generally familiar with seafood as a healthy product 
category, and (2) that health authorities and organisations have strongly advocated seafood 
as a healthy product in their communication activities and dietary recommendations for the 
last decades (Olsen, 2003). Familiarity is an important factor for benefit perception as it 
reduces the feelings of uncertainty and increases perceived control. In addition, risk 
evaluation is subordinate to liking and context regarding food choice and, on a daily basis, 
the benefits of food products are more important in the consumers’ mind than the risks. 
Finally, while benefit perception is based on heuristics (easy decision rules, or general, 
simple and often intuitive strategies), risk perception is rather based on cognitive or rational 
information processing (Ueland et al., 2012). Hence, this may explain, in general, the lower 
score on risk perception regarding seafood and the higher score on benefit perception. 
Noteworthy, only 4.3% of the participants gave a score lower than the neutral point on health 
benefit perception of seafood consumption. These findings confirm the overall favourable 
perception of seafood as a healthy food, which is in line with many previous studies (Carlucci 
et al., 2014). 
The cluster analysis indicates that there exists gradients in risk and benefit perception. Table 
2.1 shows that consumers may have both a low risk perception and a low benefit perception 
(LowR_LowB-segment) or both a high risk perception and high benefit perception 
(HighR_HighB-segment). The explanation behind the LowR_LowB-segment could be that a 
group of consumers do not have interest in health in general; they have a low seafood 
consumption frequency, seafood risks or benefits are not specifically relevant to them (e.g. 
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they are not part of specific vulnerable population groups, e.g. not pregnant) or they may be 
unable to believe that they could be at risk (Burger and Gochfeld, 2009). Furthermore, a high 
correlation between consumption frequency of seafood and seafood involvement has been 
shown in earlier research (Olsen, 2001). So consumers within the LowR_LowB-segment may 
have an overall low involvement with seafood. 
The large amount of consumers in the LowR_HighB-segment may be explained by the 
theory of the diffusion of innovation. According to this theory it takes longer for some people 
to adapt to some new ideas or concepts, in this case, to the idea that they have to balance 
the health benefits and the health risks of seafood instead of only considering seafood as a 
nutritious food product. It may take longer for some participants to balance health risks and 
benefits instead of considering seafood only to be nutritious (Burger and Gochfeld, 2009). In 
addition, the experimental study of Verbeke et al. (2008) showed that when communicating 
about possible health risks, consumers hardly believe these possible health risks because of 
the predominantly healthy image of seafood which has been supported by the 
communication activities of health authorities and organisations for many years. Some 
participants may also downplay the risks as they do not perceive that the actual risks may be 
relevant to them, which is referred to as optimistic bias (Ueland et al., 2012).  
Another factor that may explain the gradient in risk and benefit perception could be the 
confusion among the participants as a consequence of contradictory information messages 
and the rather low knowledge about specific health risks and health benefits among 
consumers (Burger and Gochfeld, 2009; Verbeke et al., 2005). 
2.3.2. Socio demographic profiling of the segments 
Table 2.2 presents the demographic characteristics for each RBP-segment. As compared to 
the distribution in the total sample, there are relatively more Spanish and Portuguese 
respondents with a lower score on risk perception and a higher score on benefit perception. 
Moreover, a relatively higher amount of Portuguese respondents is seen in the LowR_HighB-
segment and in all other segments a relatively lower amount of Portuguese respondents is 
noticed. 
This is in contrast with Ireland, where a relatively higher amount of respondents is seen in 
the HighR_HighB-segment and a relatively lower amount in the segments described with the 
highest benefit perception (MedR_HighB-segment and LowR_HighB-segment). Additionally, 
a relatively lower amount of Belgian participants is noticed in the LowR_HighB-segment 
whereas a relatively higher amount of respondents from Belgium is seen in the low to neutral 





Next, a relatively higher amount of Italian respondents is seen in the HighR_HighB-segment 
as well as in the MedR_HighB-segment. In addition, a relatively lower amount is seen in the 
LowR_LowB-segment. This significant association between the RBP-segments and the 
respondents’ country of living confirms that cross-cultural differences exists regarding risk-
benefit perception of seafood, stressing the importance of taking into account the effect of 
country in the profiling of the segments. 
Earlier research performed in five European countries (Belgium, The Netherlands, Denmark, 
Spain and Poland) also revealed that, in general, consumers have a low risk perception in 
relation to seafood, but that consumers in Belgium and The Netherlands have a slightly 
higher risk perception compared to the other countries (Pieniak et al., 2008). Consumption of 
seafood is more traditional in the southern European countries which may explain the higher 
score on benefit perception and lower score on risk perception in these countries because 
risk-benefit evaluations tend to be skewed towards acceptance of all that is traditional 
(Ueland et al., 2012). The latter may also be an explanation for the significant association 
that is found between the RBP-segments and the distance from a person’s place of living 
and the marine coast: a relatively higher amount of respondents living within less than 20km 
from the marine coast is seen in the LowR_HighB-segment. 
A relatively higher amount of male respondents have both a low risk perception and a low 
benefit perception when compared to female respondents. Although the gender distribution 
for the other RBP-segments is very similar to the one of the total sample, a relatively higher 
number of female respondents is seen in the LowR_HighB-segment. This finding is in line 
with the conclusion of the research by Pieniak et al. (2010a), in which men were found to be 
less involved with health and less interested in healthy eating as compared to women. 
Furthermore, earlier research showed that women in general reported dietary changes 
corresponding better to the dietary recommendations, that women had stronger beliefs in 
healthy eating than men and that women were generally better aware about health as well as 
more health conscious than men (Fagerli and Wandel, 1999). The differences between men 
and women in food choice behaviours have been shown to be internationally consistent 
(Wardle et al., 2004).  
Importantly, a significant association exists between the RBP-segments and being pregnant 
or the presence of pregnant woman in the household. For this vulnerable group, awareness 
of potential risks of eating seafood is extremely important. These vulnerable consumer 
groups are advised to consume seafood species with lower methylmercury contents, such as 
small pelagic fish, as methylmercury adversely affects a baby's growing brain and nervous 
system (Cardoso et al., 2013; Domingo, 2016). Another finding is that a higher amount of 
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respondents who are pregnant or who have pregnant women in their household are found in 
the HighR_HighB-segment which may indicate that they have a good knowledge about the 
potential health risks and health benefits of consuming seafood. However, a relatively higher 
amount of respondents who are pregnant or have pregnant woman in the household are 
found in the LowR_LowB-segment as well. This may indicate a certain ignorance or lack of 
information about potential risks and benefits of consuming seafood. A higher amount of 
respondents with lower education and more male respondents are also seen in the 
LowR_LowB-segment. Also a higher proportion of Irish respondents is found in this RBP-
segment. 
Respondents with the highest score on benefit perception (MedR_HighB-segment and 
LowR_HighB-segment) are on average older. The LowR_LowB-segment and the 
HighR_HighB-segment are characterised by on average younger respondents. This is in 
accordance with earlier research stating that there is a higher awareness of conflicting risk-
benefit information about seafood among young consumers and the finding that older age 
groups find it difficult to process nutrition information currently available (Grunert et al., 2012; 
Verbeke et al., 2005). In addition, earlier research stated that there is a lower interest in 
healthy eating among younger age groups which may explain the higher presence of on 
average younger respondents in the LowR_LowB-segment (Pieniak et al., 2010a). Older 
respondents are known to be more health consciousness and more interested in healthy 
eating (Grunert et al., 2012). Moreover, age is positively associated with seafood 
consumption frequency and this relationship is mediated by involvement in healthy eating 
and attitudes towards eating seafood (Olsen, 2003; Verbeke & Vackier, 2005). Subsequently, 
a high correlation exists between consumption frequency of seafood and seafood 
involvement (Olsen, 2001). This indicates that the LowR_LowB-segment includes a group of 
consumers with a low involvement with seafood. 
Area of living, presence of children and education levels are not found to be significantly 
different between the segments. It should be noted that the sample is biased towards higher 
education compared to the study population. Although education levels do not differ 
significantly between the segments, this implies that the size of the segments with relatively 
higher shares of higher educated participants may be slightly overestimated and the size of 
the segments with relatively higher shares of lower educated participants, such as the 








Table 2.2. Socio demographic profiling of the segments. 
Segment description Segment 1  
HighR_HighB  
Segment 2  
MedR_MedB  
Segment 3  
LowR_MedB  
Segment 4 
  LowR_LowB  
Segment 5 
 MedR_HighB  
Segment 6 
 LowR_HighB  
Pearson Chi-square 
/ F-value 
p-value Cramer's V 
Risk perception high neutral low low neutral low 
   Benefit perception high neutral neutral low high high 
   
Country (%) 
      
239.09 <0.001 0.145 
Belgium (19.1) 20.1 24.4 23.5 16.7 19.6 12.3 
   Ireland (20.4) 27.7 23.8 22.7 30.8 16.5 15.3 
   Italy (19.8) 25.9 22.8 15.5 13.3 27.9 14.4 
   Spain (19.9) 15.6 14.7 22.3 20.8 19.6 23.4 
   Portugal (20.8) 10.7 14.3 15.9 18.3 16.3 34.6 
   Distance to marine coast (%)       43.321 <0.001 0.124 
≤ 20km (49.1) 50.9 44.4 41.2 45.8 48.7 57.7    
> 20km (50.9) 49.1 55.6 58.8 54.2 51.3 42.3    
Gender (%) 
      
12.55 0.028 0.067 
Male (50.0) 49.6 52.3 53.9 57.5 47.7 46.4 
   Female (50.0) 50.4 47.7 46.1 42.5 52.3 53.6 
   Pregnant (or pregnant women in household) (%)       42.22 <0.001 0.122 
Yes (3.2) 7.6 3.8 2.6 10.0 1.9 1.7    
No (96.8) 92.4 96.2 97.4 90.0 98.1 98.3    
Education level (%) 
      
11.62 0.311 0.045 
Primary (3.9) 2.7 3.8 4.2 5.8 2.7 4.7 
   Secondary (33.1) 36.2 34.2 31.8 36.7 29.8 33.8 
   Higher (63.0) 61.2 62.0 64.0 57.5 67.5 61.5 
   Area of living (%) 
      
15.815 0.394 0.043 
 
 
Big city (28.3) 27.0 25.8 26.6 27.0 31.2 29.7 
   Suburbs or outskirts of a big city (19.7) 20.3 21.2 18.7 20.9 16.8 20.7 
   Town or a small city (34.5) 38.7 33.4 35.4 38.3 34.9 32.9 
   Country village (17.6) 14.0 19.6 19.3 13.9 17.1 16.7 
   Presence of children (<18y) in household (%) 
      
4.928 0.425 0.042 
Yes (38.8) 41.1 38.5 37.2 47.5 38.7 38.3 
   No (61.2) 58.9 61.5 62.8 52.5 61.3 61.7 
   Age (years) 














   95% CI 37.41-41.25 39.56-41.95 42.45-44.99 33.66-38.46 43.12-45.65 44.61-46.58 





2.3.3. Profiling of the segments on seafood consumption frequency and general 
attitude towards fish 
No interaction between the segments and countries is observed for the consumption 
frequency. Both the country of the respondent and the risk-benefit perception show a 
significant association with seafood consumption frequency. When accounting for risk-benefit 
perception, a lower estimated mean seafood consumption frequency can be noticed for the 
western country Belgium and the northern country Ireland (Figure 2.1). The highest 
estimated mean seafood consumption frequency is measured for the two southern countries 
Spain and Portugal. Notably, respondents of these two southern countries have a seafood 
consumption frequency higher than two times per week irrespective of the respondents’ 
RBP-segment. In general, the highest seafood consumption frequency is seen within the 
LowR_HighB-segment with the exception of Spain where the highest seafood consumption 
frequency is seen within the HighR_HighB-segment. When performing a robust post-hoc 
test, no significant difference in seafood consumption frequency is found between the 
LowR_HighB-segment and the MedR_HighB-segment, which means that a slightly higher 
risk perception (neutral) does not necessarily have an adverse impact on seafood 
consumption frequency. Only within the Irish sample, the HighR_HighB-segment has the 
lowest seafood consumption frequency. Research performed by Pieniak et al. (2008) 
revealed a negative relationship between health risk perception and seafood consumption 
frequency. However, the authors stressed that this relationship was rather weak. Hence, it is 
possible that although consumers are aware of some risks, they perceive the benefits as 
more important and weigh the benefits higher than risks in their seafood choice. 
Furthermore, the values for the test statistic of the robust 2-way ANOVA analysis indicate 
that a stronger association between country and consumption frequency exists than between 
RBP-segment and consumption frequency.  
There is also no significant interaction between the RBP-segments and countries when 
considering the general attitude towards consuming fish. Both country and RBP-segment are 
significantly associated with attitude towards consuming fish, with a larger test statistic for the 
RBP-segment. When accounting for the effect of risk-benefit perception, Ireland has the 
weakest attitude towards consuming fish (Figure 2.1). However, even for Ireland, the majority 
has in general a positive attitude (i.e., a score higher than the neutral point). Within Ireland, 
the segments estimated mean attitude scores range from 4.1 to 4.6, with the exception of the 
LowR_LowB-segment, which has an estimated mean attitude score of only 2.5.This confirms 
earlier findings stating that consumers have in general a positive attitude towards eating fish. 
Controlling for the effect of country, the LowR_LowB-segment has in general the lowest 
mean score on the attitude towards consuming fish, being significantly different from the 
other segments, followed by the MedR_MedB-segment’s score. Thus, the respondents 
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belonging to these segments may simply dislike seafood, i.e. seafood may not be very 
important or personally relevant to them, which may explain their scores on risk and benefit 
perception. Although personal relevance – also referred to as involvement – as such is not 
measured in this study, earlier research showed that an association exists between 





     
  




2.3.4. Profiling of the segments on confidence in seafood safety control 
organisations, attitude towards the marine environment and concern about 
marine environmental problems  
A significant interaction is observed between country and the segments for the confidence in 
seafood safety control organisations. The majority of participants have a reasonably high 
confidence (score higher than the neutral point) in control organisations (Figure 2.2). Notably 
though, within the LowR_LowB-segment, the respondents from Ireland, Italy and Portugal 
have a mean score lower than 4 on confidence in control organisations. This is in contrast 
with respondents from Belgium and Spain within this segment who have a higher score than 
the neutral point. In all countries except Ireland, the HighR_HighB-segment does not show a 
lower confidence in control organisations which may indicate that a high risk perception is not 
a consequence of a low confidence in these organisations. However, the highest confidence 
in seafood safety control organisations is observed in the LowR_HighB-segment within each 
country. The results reported in Eurobarometer (2010) indicate that a strong relationship 
exists between confidence in public authorities and perception of possible food-related risks.  
The majority of the participants reported in general a positive attitude (higher than the neutral 
point) towards the marine environment (Figure 2.2). However, a significant interaction 
(p=0.042) is seen between country and RBP-segments. Within the countries Italy, Spain, 
Belgium and Ireland the most positive attitude towards the marine environment is measured 
for the respondents in the MedR_HighB-segment and the LowR_HighB-segment. Portugal 
has a slightly higher positive attitude towards the marine environment in the HighR_HighB-
segment compared to the MedR_HighB-segment and the LowR_HighB-segment. Within all 
five countries, the most negative attitude towards the marine environment is noticed for the 
LowR_LowB-segment followed by the MedR_MedB-segment. A lower positive attitude 
towards the marine environment may imply a lower score on benefit perception as, within the 
countries, the segments characterised by a lower score on benefit perception have a lower 
positive attitude towards the marine environment. In addition, within the countries, the 
segments characterised by a higher score on benefit perception have a higher positive 
attitude towards the marine environment. It should be emphasised that the estimated mean 
score on the attitude towards the marine environment for respondents within the 
HighR_HighB-segment is quite close to the scores of both the MedR_HighB-segment and 
the LowR_HighB-segment. Moreover, for Portugal the estimated mean score on attitude is 
even higher for the HighR_HighB-segment which may indicate that the attitude towards the 
marine environment is more strongly related with benefit perception than with risk perception.  
A significant interaction exists between country and the segments regarding the concern 





higher concern about marine environmental problems is found for the segments with a higher 
benefit perception irrespective of the level of risk perception (Figure 2.2). In addition, within 
countries, the segments with a lower score on benefit perception have a lower estimated 
mean score on concern about marine environmental problems. This is in contrast with the 
expectation that a lower concern would be associated with a higher benefit perception and a 
lower risk perception of seafood consumption. Hence, a higher concern about marine 
environmental problems does not mean that the participant has a lower benefit perception or 
a higher risk perception. Moreover, the association between concern about marine 
environmental problems and health risk-benefit perception of seafood consumption, within 
the countries, is not straight forward as the segments with the highest benefit perception also 
have a higher concern about marine environmental problems. An explanation may be that 
consumers within the HighR_HighB-segment, the MedR_HighB-segment and the 
LowR_HighB-segment are consumers who are more involved with seafood and the marine 
environment, because these segments are characterised by higher shares of participants 
reporting a higher seafood consumption frequency, participants originating from an area with 
a greater coastal access and participants with a more positive attitude towards consuming 
fish as well as to the marine environment. Earlier research suggested that people living in 
coastal areas, and hence being more involved with the marine environment, indicate that 





   
 
 
Figure 2.2. Estimated mean scores on confidence in seafood safety control organisations, attitude towards the marine environment and concern about marine 
environmental problems for the different segments, presented separately for each country.
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2.4. Conclusions and implications 
The present study confirms that European consumers have in general a positive attitude 
towards consuming seafood and they perceive seafood as beneficial for their personal 
health. Although the study covered several European countries with different culinary and 
seafood-consumption traditions, further cross-cultural validation of the results is advised as 
the selection of participating countries in this study does not allow to extrapolate the results 
to other European regions (e.g. central and eastern Europe). Gradients are observed in 
health benefit and health risk perception, indicating that these perceptions are not just 
negatively correlated, i.e. high benefit perception is not automatically related to low risk 
perception and vice versa. Seafood consumption frequency has a stronger association with 
the participants’ country or origin than with their risk-benefit perception, hence seafood 
consumption frequency is primarily determined by country-related traditions and habits rather 
than by risk-benefit perception. This study provides insight into the relationship between 
seafood consumption frequency and risk-benefit perception in general. In future research, it 
would be of interest to take into account the effect of the seafood species on perceived 
health risks and health benefits and the relationship between risk-benefit perception and 
consumption frequency of different seafood species. Actual health risks and health benefits 
vary between seafood species and different regions of origin, and consequently, the 
perceived health risks and perceived health benefits may differ accordingly (Domingo, 2016; 
Hellberg et al., 2012).  
The RBP-segments defined by a higher benefit perception, irrespective of the degree of risk 
perception, consist of consumers who are more involved with seafood as they have in 
general a higher seafood consumption frequency and a more positive attitude towards 
consuming fish. Furthermore, these more involved consumers also have a more positive 
attitude towards the marine environment and are more concerned about marine 
environmental problems. This indicates that more involved consumers are aware of the 
proven link between the condition of the marine environment and their personal health.  
The results of this study strongly suggest that involvement with seafood and the marine 
environment is an important explanatory factor for the studied relationships with risk-benefit 
perception. However, involvement as such was not measured in the present study. Follow-up 
studies measuring involvement with seafood and assessing its relations with risk-benefit 
perception, attitude towards the marine environment and concern about marine 
environmental problems are recommended. 
As environmental concern is a predictor of pro-environmental behaviour and concern 
regarding marine impacts, such as ocean pollution, is closely associated with the perceived 
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level of information (Oreg and Katz-Gerro, 2006), potentially effective strategies to stimulate 
pro-environmental behaviour could be to raise consumers’ involvement with seafood and the 
marine environment and to raise awareness about human impacts on the oceans. 
Communication activities can emphasise the importance of our marine environment and 
trigger a higher involvement with the marine environment, e.g. by stressing the association 
between the status of the marine environment and consumers’ health. Making the link 
between the status of the marine environment and health more explicit may help to stimulate 
pro-environmental behaviour because individuals may attach more importance to non-
environmental – more personal or egocentric – goals (Gifford and Nilsson, 2014). To ensure 
that the public has confidence in the communication efforts, eventual uncertainties have to 
be acknowledged and the provision of balanced messages about health risks and health 
benefits of seafood is recommended (Altintzoglou et al., 2010).  
This study evidenced the existence of cross-cultural differences in terms of risk-benefit 
perception and the relationship between risk-benefit perception and attitude towards the 
marine environment as well as concern about marine environmental problems. Therefore, it 
is recommended that information campaigns should be developed and implemented on 
national level. In all countries, with the exception of Ireland, results demonstrated that a high 
risk perception does not correspond with a low confidence in seafood safety control 
organisations, which indicates that this type of organisations may have an important role in 
building and strengthening the confidence that European consumers have about seafood 
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3.1.  Introduction 
Pollution of the marine environment imposes pressure on the availability and safety of 
seafood species and products, which entails a potential threat to human health and specific 
challenges for environmental and public health policy (Allen, 2011; Moore et al., 2013; 
Nelleman et al., 2008). The importance of raising public awareness about the problems 
related to pollution of the marine environment has been stressed in various studies (Moore et 
al., 2013; Mostofa et al., 2013; Nelleman et al., 2008). An increased awareness and concern 
about environmental problems may encourage consumers to behave in a more sustainable 
manner and purchase more environmentally friendly products (Vanhonacker et al., 2013). 
Specifically in relation to environmental contamination, heightened awareness and concern 
may induce them to choose an appropriate means of pharmaceuticals disposal, to choose 
eco-friendly products such as post-consumer plastics or paper, recyclable or reusable 
packaging and detergents containing ingredients that are biodegradable, non-polluting and 
free of synthetic dyes or perfumes (Bound et al., 2006; Mainieri et al., 1997). Consequently, 
increasing public awareness may help in limiting avoidable pollution in marine ecosystems 
(Mostofa et al., 2013). However, raising awareness and challenging concern may also lead 
to ignorance among the general public due to a potential overload of risk-related information 
(Bound et al., 2006; Verbeke et al., 2007a). 
In addition, people may perceive that they are contributing to marine environmental 
contamination, and therefore are partly responsible. At the same time, they may feel to lack 
the power to contribute to solving the problem (Ellen et al., 1991). The self-perception that an 
individual is capable of making a difference in tackling marine environmental problems 
determines whether the individual will act upon his/her environmental concern (Berger and 
Corbin, 1992; Ellen et al., 1991). This type of self-perception is referred to as “Perceived 
Consumer Effectiveness” (PCE). PCE is defined as “the extent to which a consumer believes 
that the efforts of an individual acting alone can make a difference” (Ellen et al., 1991). PCE 
is a direct predictor of pro-environmental behaviour (Berger and Corbin, 1992; Ellen et al., 
1991). Research with relevance to the field of sustainable and ethical food consumption 
showed that PCE can be successfully triggered by communication activities and that PCE is 
a key factor shaping intentions to buy sustainable products (Vermeir and Verbeke, 2006).  
Van de Velde et al. (2010) demonstrated that promotion activities focusing on potential 
solutions to overcome environmental problems (i.e., the use of environmentally friendly 
energy sources in that specific study) trigger PCE and consequently pro-environmental 
behaviour to a larger extent than messages that just stress on the gravity of the 
environmental problems. Therefore, this study proposes that the indication of a concrete 





increase PCE for solving marine environmental problems. The latter has been referred to as 
the “well-baby appeal”, meaning that emphasising in a positive way that a problem can be 
solved through communicating a concrete action, may reduce the feeling of being helpless or 
lost (Berger and Corbin, 1992; Ellen et al., 1991).  
In this study, three constructs are assessed, namely: (1) awareness of causes of 
contaminants in the marine environment, (2) concern about marine environmental 
contamination and (3) Perceived Consumer Effectiveness (PCE). The interrelationships 
between these constructs are tested in a statistical model that has been developed based on 
theoretical insight and knowledge from previous empirical research. The findings of this study 
may contribute to the development of environmental policies and communication strategies 
to enhance the perceived effectiveness among citizens and consumers in order to catalyse 
their pro-environmental behaviour in relation to the marine environment. 
3.1.1. Conceptual model and hypotheses 
This study develops and tests a conceptual model treating PCE as the final dependent 
variable that is determined by awareness and concern. PCE is a generally acknowledged 
antecedent or predictor of pro-environmental behaviour (Berger and Corbin, 1992; Ellen et 
al., 1991). The model distinguishes between two PCE constructs, namely PCE in general 
and PCE specifically in relation to seafood choice. PCE general refers to the perceived 
impact of an individual on the status of the marine environment in general, whereas PCE 
through seafood choice refers to the perceived impact on the marine environment of one 
potential concrete action of an individual, namely the impact of the conscious act of 
choosing, buying and eating of specific seafood products. The reason for this distinction is 
the fact that when a specific action is proposed to consumers instead of a general statement, 
the belief that the individual can have an influence on tackling marine environmental 
problems might be higher (Ellen et al., 1991). It is therefore hypothesised that the mean 
score of PCE through seafood choice is higher than the mean score on PCE general (H1); 
i.e. consumers have a stronger belief in themselves for tackling marine environmental 
problems when a concrete action is proposed, in comparison with the situation where no 
concrete action is proposed. 
In addition, previous research showed that PCE can be modeled as a moderator of the 
relationship between environmental concern and pro-environmental behaviour. The self-
perception that an individual can make a difference in tackling environmental problems 
influences whether or not concern is translated into pro-environmental behaviour (Berger and 
Corbin, 1992). Hence, besides investigating the relationship between the two PCE 
constructs, the relationship between concern and the PCE constructs is also investigated in 
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this study. It is hypothesised (H2) that concern about marine environmental problems has a 
stronger impact on PCE through seafood choice in comparison with its impact on PCE 
general. 
Other antecedents for pro-environmental behaviour are knowledge and country-specific 
factors. Knowledge or awareness may play a role as individuals who are more aware of 
environmental problems and their causes may be more motivated to act towards improving 
the marine environment in the specific case of this study (Vicente-Molina et al., 2013). A 
higher level of awareness has been found to be associated with both a higher concern and a 
higher PCE (Berger and Corbin, 1992; Ellen et al., 1991). This study hypothesises a positive 
relation between concern about marine environmental problems and awareness of causes of 
contaminants in the marine environment (H3), and that awareness of causes of contaminants 
in the marine environment has a stronger impact on PCE through seafood choice in 
comparison with its impact on PCE general (H4). 
Finally, as environmental legislation, cultural influences, perceptions of environmental 
problems and environmental beliefs may differ between countries, possible effects of country 
are also taken into account. Hence, country-wise differences in awareness, concern and 
PCE are hypothesised (H5). 
3.2. Materials and methods 
3.2.1. Data collection 
A web-based survey was conducted (in October 2013) in five European countries, namely 
Belgium, Ireland, Italy, Portugal and Spain. The samples were nationally representative 
regarding gender, region and age within the range 18-75 years. Table 1.1 in Chapter 1 
tabulates the socio-demographic profile of the study sample. 
3.2.2. Questionnaire content 
First, to assess awareness within the frame of this study, consumers’ agreement on different 
possible causes of contaminants in the marine environment was measured using a 7-point 
agreement interval scale. The causes included are based on evidence described in the 
literature, namely: sewage from agricultural activities, chemicals from industrial waste, oil 
tanker accidents, ship maintenance and cleaning, tourists, natural causes, industrial activities 
in general, growing population on earth, growing amount of waste, aquatic pollution, and 
household disposal of pharmaceuticals. All these sources are described in the literature as 
effective causes of contaminants in the marine environment (Allen, 2011; Moore et al., 2013; 
Mostofa et al., 2013; Shao, 2009). The construct score for Awareness of causes of 
contaminants in the marine environment was obtained by adding up the 11 individual items’ 





Second, Concern about marine environmental problems was measured through six items, 
each scored on a 7-point Likert scale ranging from “totally disagree” (1) to “totally agree” (7). 
The participants were presented with the statement: “I am concerned about marine 
environmental problems because of the consequences for …”. Specific items were either 
egoistic, namely “… my personal life” and “… my own health”; altruistic, namely “… all 
people”, “… people where I live”; or biospheric, namely “… seafood”, “… birds” (Schultz, 
2001; Snelgar, 2006). The mean score of these six items will be further referred to as 
Concern. 
Third, items to measure PCE general were adapted to the context of a marine environment 
and were measured on a 7-point Likert scale, ranging from “totally disagree” (1) to “totally 
agree” (7). The agreement on the item “One person alone can do very little to help the 
marine environment” and on the item “One person’s positive effort concerning the marine 
environment is useless if others don’t want to contribute” was measured (Ellen et al., 1991; 
Vanhonacker and Verbeke, 2009). Analyses were performed with the reversed scores. 
Finally, PCE through seafood choice was measured using the same 7-point Likert scale as 
for PCE general and using two items adapted from Vanhonacker and Verbeke (2009). The 
following two statements were used: “A single person can make a difference for the marine 
environment by carefully selecting seafood products” and “Refusing to eat seafood products 
that harm the marine environment is a good way to change the production system and how 
seafood is sold to consumers”.  
3.2.3. Statistical analysis 
Since the survey was performed in five European countries, attention had to be paid to the 
cross-cultural validity of the constructs and the model in general. A Confirmatory Factor 
Analysis (CFA) was performed on the pooled sample, followed by a multiple group analysis 
with the variable country as the grouping variable. This was first performed for the construct 
Concern only, second for the constructs Concern and PCE general, as well as PCE through 
seafood choice, and finally for the whole conceptual model. Mean construct scores were 
compared between the five countries by performing a one-way ANOVA analysis with F-tests. 
Relationships between the four constructs were examined through using Structural Equation 
Modelling (SEM). Assumptions regarding normality, linearity and homoscedasticity were 
verified. Accordingly, the Satorra-Bentler adapted chi-square test statistic was used and a 
square root transformation of the two items of the PCE general construct was performed as 
well as a log transformation of the construct Awareness. As the chi-square test statistic is not 
an appropriate measure of goodness-of-fit due to the large sample size (n=2824), other 
measures were used to assess the goodness-of-fit of the models, namely the CFI 
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(Comparative Fit Index), the SRMR (Standardised Root Mean Residual) and the RMSEA 
(Root Mean Square Error Of Approximation). Threshold values for an acceptable model fit 
are a CFI value above 0.90, a SRMR value below 0.1 and a RMSEA value below 0.08 (Hair 
et al., 2010). 
One-way ANOVA was performed using the statistical software SPSS version 21.0. CFA and 
SEM analyses were done through the use of the freeware statistical software R version 
2.14.2 (www.R-project.org) and the R-package lavaan (lavaan.org) (Rosseel, 2012).  
3.3. Results  
3.3.1. CFA analysis 
The CFA analysis for Concern, PCE general and PCE through seafood choice indicated that 
PCE through seafood choice cannot be considered as a Latent Variable (LV) with the two 
earlier mentioned statements. The standardised factor loading was 0.39 for the first item, 
while the factor loading of the second item was 0.93. These items do not share enough 
unique information according to the CFA analysis. Consequently, instead of using a LV for 
the construct PCE through seafood choice, a single observed variable (namely the 
agreement score on the statement “A single person can make a difference to the marine 
environment by carefully selecting seafood products”) was used in the SEM analysis. This 
item is chosen because the phrasing approximates the closest the definition and meaning of 
PCE in the context of the present study. The CFA model with the constructs Concern and 
PCE general resulted in an acceptable model fit and significant factor loadings (Table 3.1). A 
residual covariance between the two egoistic items, the two altruistic items and the two 






Table 3.1. Factor loadings and reliability estimates (Cronbach’s α) for Concern and the construct PCE 
general. 
Constructs and items Factor loadings** 
Concern about marine environmental problems  
I am concerned about marine environmental problems because of the consequences for... 
(0.94) 
My personal life 0.81 
My health 0.88 
All people 0.92 
People where I live 0.84 
Seafood 0.84 
Birds 0.75 
PCE general * (0.74) 
One person alone can do very little to help the marine environment 0.76 
One person’s positive effort concerning the marine environment is useless if others don’t want to 
contribute 
0.78 
Fit statistics for the pooled data: chi-square(16)=127.79, p<0.001; RMSEA=0.050; CFI=0.99; SRMR=0.013. 
*The scale of the two items of the construct PCE general was reversed for analysis; PCE=Perceived Consumer Effectiveness. 
**All factor loadings are significant at p<0.001. 
3.3.2. Measurement invariance 
The fulfillment of the condition of measurement invariance was verified to assure that the 
constructs have measured the same attribute across the five countries. Differences between 
mean construct scores can only be attributed to true differences between the countries when 
measurement invariance holds. In addition, when measurement invariance holds, the data 
can be pooled (Steenkamp and Baumgartner, 1998). A multiple group CFA analysis was 
done for the construct Concern which consists of six items. The stepwise procedure 
described by Steenkamp and Baumgartner (1998) was followed. First, the fit regarding the 
configural invariance assumption was acceptable (Satorra-Bentler Χ2= 106.82, df=30, CFI 
=0.99, SRMR=0.016, RMSEA=0.067). Second, the assumption of metric invariance was 
verified. The fit was not acceptable to conclude full metric invariance. Therefore, three of the 
six item loadings were left unconstrained resulting in an acceptable fit (Satorra-Bentler 
Χ2=125.19, df=38, CFI=0.99, SRMR=0.023, RMSEA=0.064) and the fit of this model was not 
significantly different (chi square difference test, p>0.05) from the fit of the multiple group 
model (configural invariance). Finally, in order to allow for meaningful comparison of mean 
scores, the assumption of (partial) scalar invariance has to be fulfilled. Therefore, three of the 
six item loadings and their intercepts were left unconstrained together with one additional 
item intercept resulting in an acceptable fit (Satorra-Bentler Χ2= 137.41, df=42, CFI=0.99, 
SRMR=0.024, RMSEA=0.063), which was not significantly different from the fit of the partial 
metric invariance model (chi square difference test, p>0.05). Hence, the assumptions of 
partial metric invariance and partial scalar invariance were satisfied and consequently, the 
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data were pooled and comparisons of mean scores were performed for the construct 
Concern (Steenkamp and Baumgartner, 1998).  
The model further includes one additional LV, namely PCE general, and two observed 
variables, namely PCE through seafood choice and Awareness. The assumption of 
measurement invariance cannot be verified for these three constructs or items separately as 
PCE general consists of only two items and the two other constructs are observed variables. 
This is a limitation of the measurements used in this study. However, the model had, in 
general, a good fit in each country (Satorra-Bentler Χ2=342.42, df=140, CFI=0.98, 
SRMR=0.027, RMSEA=0.051) and it had acceptable model fits when verifying partial metric 
invariance (Satorra-Bentler Χ2=374.62, df=152, CFI=0.98, SRMR=0.029, RMSEA=0.051) 
and partial scalar invariance (Satorra-Bentler Χ2=441.10, df=168, CFI=0.97, SRMR=0.034, 
RMSEA=0.054). 
3.3.3. Cross-cultural differences in concern, awareness and PCE 
As was hypothesised (H5), the constructs considered in this study differed significantly 
between the countries (Table 3.2) with the largest differences observed for Concern. With an 
overall mean score of Concern of 5.1, European citizens indicated to be concerned about 
marine environmental problems in general. The participants from Portugal and Spain were 
the most concerned about marine environmental problems, followed by participants from 
Italy. Belgian and Irish participants were the least concerned about marine environmental 
problems. Participants from Ireland had the lowest aggregated awareness of causes of 
contaminants in the marine environment, while the participants from Italy reported the 
highest Awareness (range 11-77 as 11 item scores on 1-7 scales were aggregated). With 
respect to individual items, “Chemicals from industrial waste” received the highest mean 
score (5.64) as a perceived cause of contaminants in the marine environment, followed by 
three items that were overall rated very similar: “oil tanker incidents” (5.59), “growing amount 
of waste” (5.58) and “aquatic pollution” (5.58). All other items received mean scores above 5, 
except for the items “tourists” and “natural causes”, which received a mean score close to the 
“neither-nor” point of the scale (both 4.18). The latter two items were consistently rated as 
the least (much less) important causes of contaminants in the marine environment in each of 
the study countries. 
Although the mean score of the total sample for PCE through seafood choice was rather low 
(4.35), Table 3.2 indicates that the first hypothesis (H1) holds as the mean score of PCE 
through seafood choice for the total sample was significantly higher than the mean score of 
PCE general (paired t-test, t=16.19, df=2823, p<0.001). The participants had in general a 





problems when a concrete action is given. A paired t-test showed that this holds for the 





Table 3.2. Mean scores and 95% confidence interval (between brackets) for Awareness, Concern and PCE by country. 
 







































 (3.8-4.1) 3.7 (3.6-3.7) 9.35 <0.001 












 (4.2-4.5) 4.4 (4.3-4.4) 10.40 <0.001 
The superscripts (a,b,c) indicate significantly different means between the countries for the constructs based on the Tamhane post hoc comparison test.  
*Aggregate of 11 items, scale range 11-77. 
#







3.3.4. Structural Equation Modelling 
Figure 3.1 provides an overview of the conceptual and empirical model tested in this study by 
means of SEM. The goodness-of-fit indices justify that the model fits the data well (Satorra-
Bentler Χ2=381.84, df=52, CFI=0.98, SRMR=0.016, RMSEA=0.047). The standardised 
estimates of the relationships are shown in Figure 3.1. Note that Country was included in the 
model to account for the associations between the constructs and Country. 
The results indicate that PCE general is positively associated with PCE through seafood 
choice. This positive association means that when an individual has a strong belief that 
he/she can make a difference in solving a problem related with the marine environment when 
a concrete action is given, this belief is also high when no concrete action is given. In 
addition, Concern is positively associated with PCE through seafood choice and negatively 
associated, be it at a lower degree, with PCE general (H2). Hence, a stronger concern 
results in a weaker belief of being able to make a difference in tackling marine environmental 
problems as an individual in the absence of communicating a concrete possible action. But, a 
stronger concern results in a stronger belief in the capacity to make a difference when a 
concrete action is mentioned. Furthermore, Concern is positively associated with Awareness 
(H3). In turn, Awareness is positively associated with PCE through seafood choice and 
negatively (to a lower degree) with PCE general (H4). People with a higher awareness of the 
causes of contaminants in the marine environment (and thus also a stronger concern) have a 
stronger belief of their ability to make a difference in solving a marine environmental problem 





Figure 3.1. Model relating Awareness, Concern and Perceived Consumer Effectiveness (PCE): hypotheses, standardised estimates (β), z-statistics and p-values 
from Structural Equations Modelling (SEM) analysis. Notes: A square root transformation was performed for the items of PCE general and a log transformation was 








The insights obtained from this study indicate that, in general, people have a strong concern 
about marine environmental contamination and have a relatively high awareness of the 
causes of contaminants in the marine environment. This finding confirms the results of  
Eurobarometer (2014), where a high awareness of the role of the environment in the life of 
European citizens was highlighted, and where water pollution was stated as one of the 
environmental issues that European citizens are most concerned about. High levels of 
concern about marine pollution among Europeans were also reported by Gelcich et al. 
(2014). Furthermore, both studies confirmed the correlation between individuals’ concerns 
and their level of awareness, referred to in these publications as the level of how informed 
people believed they were regarding pollution (Eurobarometer, 2014; Gelcich et al., 2014). In 
addition, a higher level of concern and a higher perceived level of information were 
associated with a higher frequency of visiting the coast, with easier access to coastal areas, 
and with a more positive attitude towards seafood as well as towards the marine environment 
(Gelcich et al., 2014; Jacobs et al., 2015b). The latter can be interpreted as having a stronger 
involvement with the marine environment. This fact possibly explains why in the southern 
European countries (Italy, Spain and Portugal) a stronger concern about marine 
environmental problems was recorded than in the western and northern countries included in 
the study (Belgium and Ireland).  
Although Eurobarometer (2014) demonstrated that 85% of the European citizens recognised 
having a role in protecting the environment, the participants of our study did not have a 
strong belief in their capability of making a difference towards tackling marine environmental 
contamination. In the survey performed by Gelcich et al. (2014), participants indicated that 
Non-Governmental Organisations (NGOs) and international governments such as the 
European Union (EU) might be the most effective in tackling anthropogenic marine impacts.  
Previous research has highlighted the need to raise awareness about marine environmental 
contamination as well as the need to communicate about how behavioural and lifestyle 
choices can help in improving marine health as a way to trigger the general public to take 
greater responsibility for the oceans (Bound et al., 2006; Eurobarometer, 2014; Gelcich et al., 
2014; Mainieri et al., 1997; Mostofa et al., 2013). This paper confirms the necessity of 
communicating to raise awareness about marine environmental problems and underpins the 
relationship between awareness and belief in the personal ability of making a difference 
towards tackling marine environmental problems. For environmental policymakers aiming at 
strengthening this belief and consequently stimulating pro-environmental behaviour 
regarding the marine environment, the present study clearly illustrates that the message has 
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to contain a concrete action on top of raising awareness. When no concrete action is 
communicated, a higher awareness and a higher concern might even result in a lower belief 
in the personal ability to make a difference in solving marine environmental problems, hence 
resulting in a pessimistic view.  
Besides raising awareness, concern, and communicating concrete potential actions (such as 
specific seafood choices), emphasising an environmentally friendly lifestyle in general is also 
important to promote pro-environmental actions (Bound et al., 2006). The latter refers to 
“Ecological citizenship”, recognised as an additional driver of pro‐environmental behaviour 
due to moral motivation (Jagers et al., 2014; Nordlund et al., 2003). Examples of concrete 
actions, besides adapted seafood choices, through which individuals are able to make a 
difference in tackling marine environmental problems, such as contamination, are: correct 
disposal of drugs or pharmaceuticals, use of alternatives for plastic packaging (e.g. reusable 
shopping bags), use of facial cleansers and other personal care products without 
polyethylene and polypropylene microbeads and use of detergents containing ingredients 
that are biodegradable, non-polluting and free of synthetic dyes or perfumes (Bound et al., 
2006; Mainieri et al., 1997; Mostofa et al., 2003, Sigler, 2014). Further research is 
recommended to verify whether enhanced PCE is actually translated in a pro-environmental 
behavioural change regarding prevention of pollution of the marine environment. This could 
be done by assessing and including a consecutive step in the conceptual model, i.e. actual 
behaviour, and by including alternative concrete actions to reduce marine environmental 
pollution.  
3.5.  Conclusions 
This study indicated that raising awareness among citizens and consumers about marine 
environmental contamination, such as the pollution of seas and oceans, together with the 
communication of a concrete action instead of a general statement will increase people’s 
belief that individuals can make a difference in solving marine environmental problems. 
Enhancing this belief among people is expected to consequently enhance pro-environmental 
behaviour. The results of this study are relevant for consideration in the development of 
future environmental policy decision-making and the design of communication strategies 









Contaminants in the marine environment: human health RISK 
ASSESSMENT related to seafood consumption 
 
The previous chapters resulted in insight about consumers’ perception and consumers’ 
knowledge about potential health risks and benefits related to seafood and about the status 
of the marine environment as well as the relationship between these aspects.  
In order to be able to develop information messages regarding seafood consumption it is 
also of importance to determine the potential health risks resulting from contaminant 
exposure via seafood consumption. In Chapter 4 the methodology used and the results of 
the risk assessment for a selection of contaminants is presented in a summarised way. 
Chapter 5 includes a case study considering the risk assessment of methylmercury resulting 
from seafood consumption. This chapter also presents the uncertainties and limitations of the 
methodology used. 
The results of these two chapters will allow to map consumers’ perceptions and knowledge 










→ Research objective 3: To perform a risk assessment in order to assess the potential 
impact of seafood contaminants on public health. Particularly to assess the health risks of 





Risk assessment for a selection of contaminants 
 
A probabilistic exposure assessment is performed for environmental contaminants based on 
(1) contaminant concentration data and (2) detailed seafood consumption data from different 
European countries: Belgium, Ireland, Italy, Portugal and Spain. The assessed contaminant 
exposures are compared with toxicological reference values in order to determine whether a 
potential health concern exists for certain contaminants through seafood consumption.  
Within the ECsafeSEAFOOD project a survey (see Chapter 1, Research design and data 
sources, survey 1) was performed in five European countries (Belgium, Ireland, Italy, 
Portugal and Spain) including a questioning of the general seafood consumption frequency 
and the consumption frequency of 32 seafood species. The 15 most consumed species in 
each country were selected to be included in the exposure assessment. In addition, within 
the ECsafeSEAFOOD project, a first selection of contaminants to be considered was made 
based on a review on toxicity effects and concentration levels of contaminants of emerging 
concern (Vandermeersch et al., 2015). A prioritisation was done based on these data. 
Second, based on expert judgement and analytical capacities, contaminants to be analysed 
were selected from this list. Finally, the selection of contaminants to be included in the 
exposure assessment was made based on (1) the contaminant concentration levels that 
were measured in commercial samples as part of this project (sufficient amounts of 
concentrations above the limit of quantification (LOQ)), and (2) the availability of toxicity data. 
An overview of the selected contaminants for which a risk assessment is performed is 
presented in Table 4.1.  
Table 4.1. Contaminant selection for which a risk assessment is performed. 
Group Compound 
Polycyclic aromatic hydrocarbons: 
PAH4 (sum of benzo[a]pyrene, chrysene, benz[a]anthracene and 
benzo[b]fluoranthene) 
Methylmercury: Methylmercury (MeHg) 
Musks: Galaxolide (HHCB) 
 Tonalide (AHTN) 
Endocrine disruptors: Triclosan 
 Bisphenol A 
 Methylparaben 
Per Fluorinated Compounds: Perfluorooctanoic acid (PFOA) 
 Perfluorooctane sulfonate (PFOS) 





 Perfluoroundecanoic acid (PFUnA) 
Brominated Flame Retardants: 2,2′,4,4′-tetra-bromodiphenyl ether (PBDE47) 
 2,2′,4,4′,5-penta-bromodiphenyl ether (PBDE99) 
 Tetrabromobisphenol A (TBBPA) 
 α-β-γ - Hexabromocyclododecane (HBCD) 
UV-filters: Benzophenone 1 (BP1) 
 Benzophenone 3 (BP3)  
 2-Ethylhexyl salicylate (EHS) 
 3-(4-Methylbenzylidene)camphor (4-MBC)  
 2-Ethylhexyl 4-methoxycinnamate (EHMC)  
 Isoamyl-4 methoxycinnamate (IMC)  
Inorganic arsenic: Inorganic arsenic 
Pharmaceuticals: Venlafaxine 
Cyclic imines: Spirolides (SPXs) 
 Pinnatoxins (PnTX G) 
 
4.1. Method: risk assessment as a four-step process 
A risk assessment is defined as a four-step process (WHO, 2009). The different steps are 
presented and described in Figure 4.1. 
 
 
Figure 4.1. The four-step risk assessment process (adopted from EPA, accessed on march 14
th
, 2016).  
The final step (risk characterisation) integrates the information collected in the preceding 




(1) Hazard identification includes the identification of the nature of any toxicity or 
adverse health effects occurring and the affected target organs or target tissues 
(WHO, 2009). This step consists of a review of toxicity data (toxicokinetics, 
toxicodynamics, mode of action and weight of evidence) and determining what kind of 
health effect the contaminant can cause (e.g. carcinogenic potential, genotoxic 
potential, reproductive effects,…) (Gillespie et al., 2011).  A categorisation scheme for 
carcinogens based on the overall animal and human evidence from the International 
Agency for Research on Cancer (IARC) can be consulted to know whether a 
compound has carcinogenic potential for humans.  
(2) The second step consists of Hazard characterisation. This step gives information on 
the dose-response relationship with relevance to humans. Factors such as 
interspecies variation are incorporated. Depending on the data availability and the 
hazard or risk characterisation issue, a different approach is needed. 
Effect levels, i.e. NOAEL (no observed adverse effect level) or LOAEL (lowest 
observed adverse effect level), are derived based on animal assays (in vivo testing) 
or based on alternative approaches such as in silico and in vitro methods (EFSA, 
2014a). A TDI (tolerable daily intake) can be derived by dividing these values by 
safety/uncertainty factors. In general, an uncertainty factor of 100 is applied to 
account for species differences as well as human variability (Renwick, 2002). The 
derivation of a ‘safe dose’, such as a TDI or ADI (acceptable daily intake) and RfD 
(chronic oral reference dose) is applied for compounds for which a threshold or an 
apparent threshold is substantiated (Gillespie et al., 2011). 
But, the NOAEL depends on the spacing of the dose groups and group size as 
applied in the assay. In addition, a TDI, which is based on the NOAEL, is only 
applicable to toxicological effects considered to have a threshold. In contrast to the 
NOAEL, the BMD (benchmark dose) approach and the BMD’s lower confidence 
interval (BMDL) make full use of all the data points on the dose response curve 
(based on mathematical modelling). Consequently, the BMD approach is applicable 
to all toxicological effects and to compounds for which data limitations and 
uncertainties in the database exist. Furthermore, the BMDL10 (dose where the 
change in response is likely to be smaller than 10%) is considered preferable to a 
BMDL05 (dose where the change in response is likely to be smaller than 5%) 
because the BMDL10 is more likely to be within the observed dose range (EFSA, 
2009b; Gillespie et al., 2011). In addition, 10% appears more appropriate for quantal 





response model at lower BMRs (EFSA, 2009b). As it is stated by EFSA (2009b), 
health-based guidance values (such as the TDI) can also be derived using the BMD 
approach as this is as protective as values derived following the NOAEL approach. 
The default values for uncertainty factors are equally applicable. 
(3) The third step is the Exposure assessment. This step aims at determining the 
amount of exposure to a specific contaminant in a population group. This step 
consists of (a) measuring the compound in food – for this study only seafood is 
considered - and (b) collecting food consumption data, i.e. seafood consumption 
data.  
In this study, the consumption data of the selected seafood species was combined 
with the concentration data of the contaminants in the samples according to the 
following formula:  
      ∑     
    
   
      
     = concentration of contaminant c in seafood species v [µg/kg ww] 
     = consumption of seafood species v by individual i [kg/kg bw/day] 
     = exposure to contaminant c for individual i [µg/kg bw/day] 
 
When distribution fitting was possible and a good fit was obtained, a probabilistic 
approach instead of a deterministic approach was used for the consumption data 
and/or the concentration data in order to take into account the variability and 
uncertainty in both consumption and contaminant concentration. Best fit distributions 
were determined using Kolmogorov-Smirnov and Anderson-Darling statistics, the P/P 
and Q/Q plots. A probabilistic approach results in an increased amount of information 
available to the risk manager as a distribution of exposure is obtained (instead of a 
point estimate), and consequently percentiles of exposure can for example be 
obtained (Kroes et al., 2002; Petersen, 2000). Monte Carlo simulations were used for 
the probabilistic modelling. Monte Carlo simulations include that a value is selected at 
random from the distribution describing the consumption of a specific seafood 
species and a value is selected at random from the distribution describing the 
concentration of a specific contaminant in that specific seafood species. These 
random values are multiplied and stored and this procedure was repeated until 
100,000 iterations. The output from the Monte Carlo simulation is a range of possible 
outcomes from which a probability distribution function is prepared. A fixed seed 
52 
 
equal to 99 was defined to ensure reproducibility. Calculations were performed using 
the software package @RISK version 6 (Palisade Corporation, US) for Microsoft 
Excel.  
Although a probabilistic approach is considered preferable, the concentration data 
was not always suitable for distribution fitting (due to a low amount of available data 
points), hence a mix of a probabilistic and deterministic approach was used in this 
study. 
(4) The last step, Risk characterisation, integrates the information collected in the 
previous three steps and has the goal to estimate the risk to human health that is 
posed by exposure to a contaminant (Gillespie et al., 2011). In general, the approach 
applied for the risk characterisation in the present study was based on reports from 
EFSA when available. When no information was available on performing the risk 
characterisation, the following general approach was used: 
A TDI can be used for toxicological compounds effects considered to have a 
threshold. When the assessed exposure of a compound exceeds the TDI, 
recommendations for risk reduction may be made (i.e. risk management) and the 
determination of priorities can be based on the extent to which the TDI is exceeded 
(Gillespie et al., 2011).  
As it has been highlighted before, a TDI cannot be used for compounds of which 
toxicological effects are not considered to have a threshold and for those cases a 
BMDL may be an appropriate reference point instead. The BMDL is the most 
appropriate reference point for calculating a MOE (margin of exposure) (EFSA, 
2009b). The MOE takes into account the exposure data as well as the available data 
on the dose-response relationship according to the following formula (EFSA, 2005; 
Gillespie et al., 2011; O'Brien et al., 2006): 
    
    
              
 
Risk managers should be informed about the magnitude of a MOE that could be 
considered to represent a low priority for risk management actions. In general it can 
be stated that the higher the MOE, the lower the degree of concern. In addition, 
EFSA considers a MOE of 10,000 or higher (if based on a BMDL10 from an animal 
study) of low concern for genotoxic carcinogenic compounds (EFSA, 2005). For non-
genotoxic compounds, a MOE of 100 (to account for uncertainty attributable to both 





considered sufficient to conclude that there is no health concern (Aylward et al., 2011; 
EFSA, 2011b). However, the determination of the magnitude of the MOE to represent 
a low priority for risk management should be done on a case-by-case basis 
considering the uncertainties within the database and exposure estimations (Barlow 
et al., 2006; Gillespie et al., 2011).  
Hence, when using the MOE approach, the interest is vested on the lower end of the 
distribution (lower percentiles) as exposure is in the denominator for calculating the 
MOE distribution. The latter means that heavy users (i.e. consumers with high intake 
and thus high exposure) will have low MOE values and insight has to be gained in the 
exposure, and thus potential health risk, of this particular group of heavy users or 
high consumers. 
An overview on the hazard identification, hazard characterisation and the approach for 






Table 4.2. Overview on the hazard identification, hazard characterisation and the approach for performing the risk characterisation for the different contaminants considered. 
Group Compound Hazard identification  Toxicological reference value Basis for risk characterisation Source 
Polycyclic aromatic 
hydrocarbons: 
PAH4 (sum of benzo[a]pyrene, chrysene, 
benz[a]anthracene and benzo[b]fluoranthene) 
Carcinogenic (Group 1* and Group 2B*) BMDL10  = 0.34 mg/kg bw/day MOE EFSA (2008b)  
Methylmercury: Methylmercury (MeHg) Group 3*, prenatal neurodevelopmental toxicity TWI = 1.3 µg/kg bw/week Exposure compared with TWI EFSA (2012) 
Musks: Galaxolide (HHCB) Developmental toxicity / teratogenicity NOAEL = 50 - 150 mg/kg bw/day Exposure compared with est. TWI ECHA
#
  
 Tonalide (AHTN) Haematological effects (based on 90-day repeated dose study with rats) NOAEL = 5 mg/kg bw/day Exposure compared with est. TWI ECHA (2008) 
Endocrine disruptors: Triclosan Kidney toxicity (in hamster) BMDL10 = 47 mg/kg/day MOE 
Rodricks et al. 
(2010) 
 Bisphenol A Group 3*, mean relative kidney weight effect in mouse TDI =  4 µg/kg bw/day Exposure compared with TDI EFSA (2015a) 
 Methylparaben Repeated dose toxicity rats DNEL = 1.04 mg/kg bw/day Exposure compared with DNEL ECHA
#
 
Per Fluorinated Compounds: Perfluorooctanoic acid (PFOA) Probably carcinogenic (Group 2B*), effects on liver TDI = 1.5 µg/kg bw/day Exposure compared with TDI EFSA (2008a) 
 
Perfluorooctane sulfonate (PFOS) Liver, developmental toxicity, changes in thyroid hormones and high density lipoprotein levels (based on 
subchronic study) 
TDI = 150 ng/kg bw/day Exposure compared with TDI EFSA (2008a) 
 
Perfluorononanoic acid (PFNA) Developmental toxicity in mice, increased pup relative liver weight at PND 1 BMDL5 = 0.19 mg/kg bw/day MOE Das et al. 
(2015) 
 
Perfluoroundecanoic acid (PFUnA) Repeated dose and reproductive/developmental toxicity (rats) NOAEL = 0.1 mg/kg bw/day Exposure compared with est. TWI Takahashi et al. 
(2014) 
Brominated Flame 
Retardants: 2,2′,4,4′-tetra-bromodiphenyl ether (PBDE47) Effects on neurodevelopment as the critical endpoint BMDL10 = 309 µg/kg bw/day MOE EFSA (2011b) 
 2,2′,4,4′,5-penta-bromodiphenyl ether (PBDE99) Effects on neurodevelopment as the critical endpoint BMDL10 = 12 µg/kg bw/day MOE EFSA (2011b) 
 Tetrabromobisphenol A (TBBPA) Probably carcinogenic (Group 2A*), changes in thyroid hormones as the critical reference point BMDL10 = 16 mg/kg bw/day MOE EFSA (2011c) 
 α-β-γ - Hexabromocyclododecane (HBCD) Not genotoxic, neurodevelopmental effects on behaviour as the critical endpoint BMDL10 = 0.79 mg/kg bw/day MOE EFSA (2011a) 
UV-filters: Benzophenone 1 (BP1); 2,4-dihydroxybenzophenone Probably carcinogenic (Group 2B*), reproduction toxicity rats (oral, subcateneous and intra-peritoneal) NOAEL = 100 mg/kg bw/day Exposure compared with est. TWI ECHA
#
  
 Benzophenone 3 (BP3); Oxybenzone Probably carcinogenic (Group 2B*), maternal and prenatal developmental toxicity (rats, oral) NOAEL = 200 mg/kg bw/day Exposure compared with est. TWI ECHA
#
 
 2-Ethylhexyl salicylate (EHS) Reproduction toxicity rats (oral) NOAEL = 25 mg/kg bw/day Exposure compared with est. TWI ECHA
#
 
 4-Methylbenzylidene camphor (4-MBC)  Repeated dose toxicity rats (oral), thyroid effects NOAEL = 25 mg/kg bw/day Exposure compared with est. TWI SCCP (2008) 
 
2-Ethylhexyl-4-Methoxycinnamate (EHMC)  Subchronic oral toxicity rat, effects on liver, kidney NOAEL = 450 mg/kg bw/day Exposure compared with est. TWI EC (1991) 
 
Isoamyl-4 methoxycinnamate (IMC); isopentyl p-
methoxycinnamate 
Fertility and reproductive performance, for systemic parental and developmental toxicity (rat, oral) NOAEL = 450 mg/kg bw/day Exposure compared with est. TWI ECHA
# 
 
Inorganic arsenic: Inorganic arsenic 
Carcinogenic (Group 1*), risk of cancers of the lung, skin and bladder, as well as skin lesions 
JECFA (2011): a BMDL0.5 of 3.0 µg/kg bw/day for risk of lung cancer 
Range BMDL01 = 0.3 - 8 µg/kg 
bw/day 
Exposure compared with BMDL01 





















* IARC Groups: Group 1 = Carcinogenic to humans, Group 2A = Probably carcinogenic to humans, Group 2B = Possibly carcinogenic to humans, Group 3 = Not classifiable as to its carcinogenicity to humans, Group 4 = Probably not carcinogenic to humans. 
# ECHA (European Chemicals Agency). Search for Chemicals. URL https://echa.europa.eu/ (accessed on march 15th, 2016). 
DNEL (Derived No-Effect Level) =  the level of exposure to the substance above which humans should not be exposed. 




Table 4.3 gives an overview of the results of the risk assessment per contaminant and per 
country. For all the contaminants considered, the average exposure and the 95th percentile 
are the highest for Spain and Portugal. When the MOE approach is used, the average MOE 
value and 05th percentile is the lowest for these countries. This can be explained by the 
higher total seafood consumption in these two countries compared to the seafood 
consumption in the other three countries. 
4.3. Discussion 
The data in table 4.3 indicate that it is unlikely that exposure via seafood to the following 
contaminants will lead to a potential health risk in each of the five European countries 
considered: 
- PAHs 
- Musks: HHCB, AHTN  
- Endocrine disruptors: Triclosan, Bisphenol A, Methylparaben  
- Per Fluorinated Compounds: PFOA, PFOS, PFNA, PFUnA 
- Brominated Flame Retardants: PBDE47,TBBPA, HBCD 
- UV-filters: BP1, BP3, EHS, 4-MBC, EHMC, IMC 
- Inorganic arsenic 
- Pharmaceuticals: Venlafaxine 
- Marine biotoxins: Spirolides (SPXs) and Pinnatoxins (PnTX G) 
 
However, attention has to be paid to the exposure to PBDE99 (Brominated Flame Retardant) 
via seafood consumption given to the low MOE values. In addition, aggregated exposure 
(including other sources of exposure) may even decrease the assessed MOEs as other 
sources of exposure to PBDEs are relevant, such as meat and meat products, animal and 
vegetable fats and oils, milk and dairy products, eggs and egg products. Collecting more 
information (e.g. toxicological information and concentration in fresh and processed samples) 
and using more sophisticated methods (e.g. risk-benefit assessment, cumulative and 
aggregate exposure assessments) are recommended to refine PBDE99 exposure and risk 
assessment and lead to risk management strategies to reduce exposure through the seafood 
consumption. 
In addition, based on this approach and these results, it can be concluded that it is likely that 
a potential health risk exists when considering the exposure to MeHg through the seafood 





refinement of the exposure assessment through the seafood diet and risk reduction 
measurements are certainly needed for MeHg. 
An important strength of the study presented in this chapter is that it gives an elaborated 
overview of the assessed exposure to a large set of compounds via seafood consumption for 
consumers in five different European countries. However, some limitations have to be taken 
into account when interpreting the results. First, the risk assessment is based on the 
exposure via seafood consumption only, no other dietary sources or non-food exposure 
routes were considered. Second, the exposure to contaminants was evaluated on an 
individual basis, the possible effect of cumulative exposure was not considered. Third, the 
effect of processing on contaminants levels as well as bioaccessibility of contaminants have 
not been taken into account, nor the health benefits of consuming seafood. At last, for some 
contaminants, the available toxicological information to rely on was limited. A more in-depth 
discussion of these aspects is given in Chapter 5 and Chapter 7. 
 
Table 4.3. Overview of the results of the risk assessment per contaminant in each country when considering only the seafood consumption pattern as the source of exposure. 
Group Compound Toxicological reference value Country Mean exposure UB / Mean MOE UB P95 exposure UB / P05 MOE UB (high consumers) 





MOE > 10,000: low concern 
















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 






0.198 µg/kg bw/w 
0.546 µg/kg bw/w 
0.360 µg/kg bw/w 
0.796 µg/kg bw/w 
0.641 µg/kg bw/w 
0.524 µg/kg bw/w 
1.207 µg/kg bw/w 
1.003 µg/kg bw/w 
1.604 µg/kg bw/w 







est. TWI = 3500 µg/kg bw/w 






0.009 µg/kg bw/w 
0.018 µg/kg bw/w 
0.013 µg/kg bw/w 
0.024 µg/kg bw/w 
0.024 µg/kg bw/w 
0.019 µg/kg bw/w 
0.033 µg/kg bw/w 
0.029 µg/kg bw/w 
0.041 µg/kg bw/w 
0.040 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
AHTN 
est. TWI = 350 µg/kg bw/w 






0.004 µg/kg bw/w 
0.008 µg/kg bw/w 
0.006 µg/kg bw/w 
0.013 µg/kg bw/w 
0.010 µg/kg bw/w 
0.008 µg/kg bw/w 
0.014 µg/kg bw/w 
0.013 µg/kg bw/w 
0.022 µg/kg bw/w 
0.017 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
Endocrine disruptors: Triclosan 
MOE > 100: low concern 
















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
Bisphenol A 
TWI = 28 µg/kg bw/w 






0.006 µg/kg bw/w 
0.012 µg/kg bw/w 
0.009 µg/kg bw/w 
0.017 µg/kg bw/w 
0.019 µg/kg bw/w 
0.017 µg/kg bw/w 
0.037 µg/kg bw/w 
0.031 µg/kg bw/w 
0.044 µg/kg bw/w 
0.049 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
Methylparaben 
DNEL = 7280 µg/kg bw/week 






2.3E-4 µg/kg bw/w 
6.4E-4 µg/kg bw/w 
2.7E-4 µg/kg bw/w 
6.8E-4 µg/kg bw/w 
8.6E-4 µg/kg bw/w 
5.5E-4 µg/kg bw/w 
1.2E-3 µg/kg bw/w 
6.7E-4 µg/kg bw/w 
1.3E-3 µg/kg bw/w 
1.6E-3 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
Per Fluorinated Compounds: PFOA 
TWI = 10.5 µg/kg bw/w 






4.9E-4 µg/kg bw/w 
7.5E-4 µg/kg bw/w 
7.7E-4 µg/kg bw/w 
1.4E-3 µg/kg bw/w 
1.4E-3 µg/kg bw/w 
1.2E-3 µg/kg bw/w 
1.4E-3 µg/kg bw/w 
1.9E-3 µg/kg bw/w 
2.8E-3 µg/kg bw/w 
2.8E-3 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
PFOS 
TWI = 1.05 µg/kg bw/w 






2.1E-3 µg/kg bw/w 
2.1E-3 µg/kg bw/w 
3.5E-3 µg/kg bw/w 
6.5E-3 µg/kg bw/w 
5.1E-3 µg/kg bw/w 
5.6E-3 µg/kg bw/w 
4.2E-3 µg/kg bw/w 
1.0E-2 µg/kg bw/w 
1.5E-2 µg/kg bw/w 
1.1E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 

















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
PFUnA 
TWI_calc = 7 µg/kg bw/w 






1.1E-3 µg/kg bw/w 
2.2E-3 µg/kg bw/w 
1.8E-3 µg/kg bw/w 
2.9E-3 µg/kg bw/w 
2.6E-3 µg/kg bw/w 
3.0E-3 µg/kg bw/w 
6.0E-3 µg/kg bw/w 
5.9E-3 µg/kg bw/w 
7.3E-3 µg/kg bw/w 
6.1E-3 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
Brominated Flame Retardants: PBDE47 
MOE > 2.5: low concern 
















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
PBDE99 
MOE > 2.5: low concern 
















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0.05 (concern) 
0 (likely no concern) 
 
TBBPA 
MOE > 100: low concern 
















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
HBCD 
MOE > 8: low concern 
















0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
UV-filters: BP1 
est. TWI  = 7000 µg/kg bw/w 






7.4E-3 µg/kg bw/w 
1.9E-2 µg/kg bw/w 
1.0E-2 µg/kg bw/w 
2.4E-2 µg/kg bw/w 
2.4E-2 µg/kg bw/w 
1.6E-2 µg/kg bw/w 
3.7E-2 µg/kg bw/w 
2.6E-2 µg/kg bw/w 
4.4E-2 µg/kg bw/w 
4.6E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
BP3 
est. TWI = 14,000 µg/kg bw/w 






6.1E-3 µg/kg bw/w 
7.5E-3 µg/kg bw/w 
9.3E-3 µg/kg bw/w 
1.6E-2 µg/kg bw/w 
1.6E-2 µg/kg bw/w 
1.5E-2 µg/kg bw/w 
1.4E-2 µg/kg bw/w 
2.4E-2 µg/kg bw/w 
3.4E-2 µg/kg bw/w 
3.3E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
EHS 
est. TWI  = 1750 µg/kg bw/w 






7.3E-3 µg/kg bw/w 
1.4E-2 µg/kg bw/w 
1.0E-2 µg/kg bw/w 
1.9E-2 µg/kg bw/w 
1.8E-2 µg/kg bw/w 
1.6E-2 µg/kg bw/w 
2.6E-2 µg/kg bw/w 
2.3E-2 µg/kg bw/w 
3.4E-2 µg/kg bw/w 
3.2E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
4-MBC 
est. TWI = 1750 µg/kg bw/w 






5.9E-3 µg/kg bw/w 
1.1E-2 µg/kg bw/w 
7.8E-3 µg/kg bw/w 
1.4E-2 µg/kg bw/w 
1.5E-2 µg/kg bw/w 
1.3E-2 µg/kg bw/w 
2.0E-2 µg/kg bw/w 
1.9E-2 µg/kg bw/w 
2.5E-2 µg/kg bw/w 
2.6E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 




est. TWI = 31,500 µg/kg bw/w 






4.9E-3 µg/kg bw/w 
1.4E-2 µg/kg bw/w 
7.4E-3 µg/kg bw/w 
1.8E-2 µg/kg bw/w 
1.8E-2 µg/kg bw/w 
1.3E-2 µg/kg bw/w 
3.4E-2 µg/kg bw/w 
2.3E-2 µg/kg bw/w 
3.9E-2 µg/kg bw/w 
4.1E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
 
IMC 
est. TWI = 31,500 µg/kg bw/w 






4.4E-3 µg/kg bw/w 
9.9E-3 µg/kg bw/w 
7.1E-3 µg/kg bw/w 
1.5E-2 µg/kg bw/w 
1.3E-2 µg/kg bw/w 
9.5E-3 µg/kg bw/w 
1.9E-2 µg/kg bw/w 
1.6E-2 µg/kg bw/w 
2.7E-2 µg/kg bw/w 
2.4E-2 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 





TWI = 37.8 µg/kg bw/w 






1.2E-4 µg/kg bw/w 
2.7E-4 µg/kg bw/w 
1.4E-4 µg/kg bw/w 
3.4E-4 µg/kg bw/w 
3.3E-4 µg/kg bw/w 
2.7E-4 µg/kg bw/w 
4.9E-4 µg/kg bw/w 
3.2E-4 µg/kg bw/w 
5.9E-4 µg/kg bw/w 
5.8E-4 µg/kg bw/w 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
Inorganic arsenic: iAs 
Value < 0.3 µg/kg bw/d (LB BMDL01): 
low concern 






0.004 µg/kg bw/d 
0.011 µg/kg bw/d 
0.005 µg/kg bw/d 
0.015 µg/kg bw/d 
0.014 µg/kg bw/d 
0.008 µg/kg bw/d 
0.021 µg/kg bw/d 
0.011 µg/kg bw/d 
0.028 µg/kg bw/d 
0.026 µg/kg bw/d 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
0 (likely no concern) 
Cyclic imines: SPXs 
 
MOE based on 500 µg/kg bw 
(LD50 = 50 - 500 µg/kg bw) 
  
0.09 µg/kg bw (mean exposure) 2941 (MOE 5
th
 P) Likely no concern 
 PnTX G 
 
MOE based on 150 µg/kg bw 
(LD50 = 150 – 400 µg/kg bw) 
  
0.004 µg/kg bw (mean exposure) 21429 (MOE 5
th
 P) Likely no concern 
 
DNEL (Derived No-Effect Level) =  the level of exposure to the substance above which humans should not be exposed. 
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In recent years, a number of studies have focused on the nutritional-toxicological conflict of 
frequent seafood consumption. While the health benefits of consuming seafood are well 
established, attention has also been paid to environmental contamination of seafood, as well 
as the impact of this contamination on consumers’ health. Guidelines regarding seafood 
consumption frequency in different countries follow a consensus, however differing to a small 
extent. In a review about risk-benefit analysis of seafood consumption, it was stated that the 
benefits outweigh the risks when a variety of fish is consumed at least twice per week 
(Hellberg et al., 2012). In turn, Hoekstra et al. (2013) concluded that the overall benefits to 
the Dutch population of eating 200 g of fish per week, instead of the current (lower) 
consumption amounts in the Netherlands, outweigh the risks. According to the method used 
in this study, eating 500 g of fish per week would even be more beneficial, despite the larger 
risks of being exposed to higher levels of contaminants. However, Domingo (2016) highlights 
the importance of specific seafood species consumed, the frequency of consumption, as well 
as the portion and meal size, in order to adequately balance the health benefits and risks of 
regular seafood consumption. Moreover, the EFSA Scientific Committee compared the 
benefits of seafood consumption regarding omega-3 longchain polyunsaturated fatty acids 
(LCPUFA), with the risks to MeHg in seafood and recommended a weekly intake of fish of 1-
2 servings (equivalent to 150-300 g) to meet the Dietary Reference Value (DRF) for n-3 
LCPUFA. Notwithstanding, when consuming species with a high MeHg content, only a few 
servings (<1-2) per week can be consumed before reaching the Tolerable Weekly Intake 
(TWI). Hence, EFSA emphasised the need that seafood species with a high content of MeHg 
should be limited in a healthy diet (EFSA, 2015b). 
In this study, we present the results of a risk assessment on MeHg present in seafood. The 
possible health risks from exposure through the seafood consumption pattern were assessed 
in five European countries: Belgium, Ireland, Italy, Portugal and Spain. The reason to focus 
on MeHg was twofold. Firstly, within the ECsafeSEAFOOD-project, exposure and risk 
assessment estimations were performed for different environmental contaminant groups 
present in seafood, namely for methylmercury, polycyclic aromatic hydrocarbons, musks, 
endocrine disruptors, perfluorinated compounds, brominated flame retardants, UV-filters, 
inorganic arsenic and pharmaceuticals. The assessment was conducted to screen for which 
contaminants the seafood consumption pattern could be of concern for public health. Based 
on the pragmatic approach and the obtained results, it was concluded that refinement of the 
exposure assessment through seafood intake and risk reduction measurements are certainly 
needed for MeHg. Secondly, in a recent EFSA report, it was recommended that risk 





consumption pattern, focussing on the specific species consumed within each country 
(EFSA, 2015b).  
MeHg exposure assessment has been the main topic of a number of studies (Afonso et al., 
2015; Brambilla et al., 2013; Cardoso et al., 2013; Cardoso et al., 2010; Di Leo et al., 2010; 
Kuballa et al., 2011; Maycock and Benford, 2007; Miklavcic et al., 2011; Nunes et al., 2014; 
Olmedo et al., 2013; Ortega-Garcia et al., 2009; Perello et al., 2014; Ruiz-de-Cenzano et al., 
2014; Sioen et al., 2008a; Storelli et al., 2003; Storelli et al., 2005; Strom et al., 2011). 
However, it is stated that the substantial intake of MeHg, which is linked to the high 
consumption of fish and shellfish, deserves further investigation, while several population 
subgroups need better guidelines to base their seafood choices explicitly on mercury content 
(Groth, 2010; Perello et al., 2014). On the other hand, until recently, few research considered 
risk assessment in different countries with distinct seafood consumption patterns, and using 
a detailed collection of consumption data covering the diversity of species with different 
contamination levels.  
The present study means a novel contribution to the evaluation of the potential risk of MeHg 
exposure through seafood consumption by considering five European countries with different 
seafood consumption patterns, and by considering detailed data on consumption levels of 32 
different seafood species. For this purpose, MeHg concentration data collected within the 
ECsafeSEAFOOD-project, as well as data from the scientific literature were used. Seafood 
species vary greatly in their level of MeHg while there is also a wide variation in the seafood 
species consumed in different countries across the EU, as well as in the overall seafood 
consumption frequency (Cardoso et al., 2010; EFSA, 2015b; Storelli et al., 2003). 
Consequently, an additional goal of this investigation was to provide insight in the 
contribution of different seafood species to the MeHg exposure, and hence to the potential 
health risk, in each country individually. Thus, we addressed the advice of EFSA that each 
country should consider the specific species consumed in order to make a recommendation 
for each country, specifically regarding the human health risks and benefits (EFSA, 2015b).  
5.2. Material and methods 
5.2.1. Concentration data 
A database for MeHg in seafood was compiled based on concentration data (from pooled 
samples) collected within the ECsafeSEAFOOD-project (52 data points) combined with 
additional data from scientific literature (Afonso et al., 2015; Barrento et al., 2008; Brambilla 
et al., 2013; Cardoso et al., 2010; Kwasniak et al., 2012; Miklavcic et al., 2011; Perello et al., 
2014; Ruiz-de-Cenzano et al., 2014; Storelli et al., 2003; Storelli et al., 2005). In total, 94 
data points from scientific literature data were collected. Information on the commercial 
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species sampling, sample preparation and analysis method performed within the 
ECsafeSEAFOOD-project is presented in Maulvault et al. (2015) and in Deliverable 2.4 - 
Presence and levels of priority contaminants in seafood (ECsafeSEAFOOD-project). The 
concentration data includes data originating from measurements performed in raw and 
canned samples of species commercially relevant in Europe. Data from two species were 
missing: dry/salted cod and lobster. To bridge this gap, missing concentration data for 
dry/salted cod were completed by assigning the data of fresh cod. For lobster, it was 
assumed that the MeHg concentration would be equal to the reported total mercury (Hg) 
concentration. Contaminant data for the different species considered in the exposure 
estimations are summarised in Table 5.1. 
Table 5.1. MeHg contents (mean, standard deviation, µg/kg ww) in the different species analysed.  
Species N MeHg (µg/kg ww) 
  Analysed ≥ LOD Mean  Std. Deviation  
Alaska pollock 1 1 95.00 0.00 
Canned sardine 4 4 45.25 18.46 
Canned tuna  13 13 166.65 135.75 
Clams 2 2 14.00 2.83 
Cod (dry/salted)
a
 0   85.46 71.79 
Cod 9 9 85.46 71.79 
Cuttlefish 2 2 104.00 100.41 
Haddock 1 1 66.00 0.00 
Hake 17 17 123.45 42.02 
Herring 3 3 28.67 13.32 
Lobster
b
 2 2 121.28 26.23 
Mackerel 19 19 80.64 71.32 
Monkfish 7 7 227.04 78.62 
Mussels 3 3 11.33 6.03 
Octopus 6 6 126.47 98.94 
Pangasius
c
  1 0 1.33 0.00 
Salmon 6 6 20.74 8.40 
Sardine 5 5 59.40 25.33 
Sea bass 2 2 221.50 183.14 
Sea bream 5 5 208.12 167.85 
Shrimps and prawns 5 5 53.12 57.67 
Sole (and plaice) 17 17 50.21 21.00 
Squid 4 4 46.25 27.15 
Tuna 12 12 461.98 338.89 
a 
The concentration value of fresh cod is assigned to dry/salted cod due to missing data.
 
b
 Data from total Hg are used. 
c
 Only for pangasius a concentration level < LOQ was measured. For pangasius the concentration <LOQ is replaced by the 





5.2.2. Consumption data 
A web-based survey was conducted (in October 2013) in five European countries, namely 
Belgium, Ireland, Italy, Portugal and Spain. The samples were nationally representative 
regarding gender, region and age within the range 18-75 years. Table 1.1 in Chapter 1 
tabulates the socio-demographic profile of the study sample. 
Within this survey, the total seafood consumption frequency, as well as the seafood 
consumption frequency of 32 different seafood species, were inquired using self-reported 
items. The 32 species selected in collaboration with the study partners, were based on the 
seafood consumption pattern in the five involved countries, and also on the susceptibility of 
certain species to contain considerable concentrations of certain environmental 
contaminants. The participants reported their consumption frequency as the number of 
portions per week or per month, assuming that a portion of seafood per meal is about 150-
200 g. The information about portion size was explicitly communicated to the study 
participants. The reported seafood consumption frequencies were transformed into a 
continuous scale. As a result of this transformation, mean scores (frequency per week) were 
calculated. For this purpose “Daily” was replaced by a value of 7.0, “5-6 times a week” was 
replaced by 5.5, “3-4 times a week” by 3.5, “2 times a week” by 2.0, “Once a week” by 1.0, 
“Less frequently” by 0.25, and “Never” by 0. The same was done for the consumption 
frequency of each of the 32 species. Therefore, “2-3 times a month”, “Once a month”, “1-5 
times every 6 months”, were also replaced by 0.6, 0.25, 0.15, respectively. Subsequently, 
consumption frequencies of the 32 species were corrected based on the total consumption 
frequency reported in the first question because of overestimation of the consumption when 
considering separate species. The consumption frequency was transformed from times per 
week to grams per week by multiplying by 175 g, assuming this value as the mean portion 
size. 
For each country, at least 85% of the total seafood diet (based on the median) is represented 
by the 15 most consumed species. Consequently, only these 15 most consumed seafood 
species in each country were considered for exposure assessment. For each country, a 
distribution was fitted to the consumption data of each species using @RISK version 6 
(Palisade Corporation, USA). The distribution fitting was performed in two subsequent steps. 
Firstly, a distribution was fitted to the consumption data of the species, when only the 
consumers of the species were considered. This distribution was truncated with the lowest 
consumption as the truncated minimum, and the maximum consumption as the truncated 
maximum. Secondly, the distribution was combined with the data of the non-consumers (zero 
intake), taking into account the proportion of consumers and non-consumers of the 
considered species.  
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Furthermore, the body weight (bw) of the participants was also assessed in this survey and a 
distribution was fitted to these data using @RISK version 6. The distribution was truncated 
with the minimum body weight and the maximum body weight of the data. The ratios of mean 
body weights between countries, and the ranking of the mean values across countries, are 
fairly compatible with the Eurobarometer data (Special Eurobarometer 246, 64.3 Health and 
food, 2006). However, mean values reported in the Eurobarometer are lower. A potential 
explanation is that the Eurobarometer sample includes respondents from the age of 15 years 
onwards, while our study included respondents from the age of 18 years onwards. Given the 
fact that weight increases with age, this would explain (at least partially) the higher mean 
values in this study. In addition, the fieldwork of the Eurobarometer was done in 2005, while 
the fieldwork of the current survey was conducted in 2013. Within the Belgian population, a 
significant linear increase in the mean Body Mass Index (BMI) is shown based on data from 
1997 until 2013 (Drieskens, 2014). Hence, it is likely that population weight continued to 
increase during the time period of 2005-2013.  
The best fitted distributions for the consumption and body weight data were determined using 
the Chi-square statistics, probability/probability (P/P) and quantile/quantile (Q/Q) plots. 
The seafood consumption distributions were divided by the body weight distributions, 
resulting in a consumption dataset (expressed in kg/kg bw/day) for each country. 
5.2.3. Exposure assessment 
To estimate the exposure to MeHg through seafood consumption in each country, the 
consumption data of the species are combined with the concentration data of the 
contaminants in the samples according to the following formula: 
      ∑     
    
   
      
     = concentration of contaminant c in seafood species v [µg/kg ww] 
     = consumption of seafood species v by individual i [kg/kg bw/day] 
     = exposure to contaminant c for individual i [µg/kg bw/day] 
 
No adjustments were made for intra-individual correlations in this aggregated exposure 
model, meaning that an “upper-bound” estimation of the exposure was calculated.  
5.2.3.1. Probabilistic exposure assessment 
Calculations were performed using the software package @RISK version 6 (Palisade 





the consumption and for the body weight data. For the concentration data a probabilistic 
approach is used instead of a deterministic approach (point estimate, mean value) when 
distribution fitting is possible and a good fit is obtained in order to take into account the 
variability and uncertainty in both consumption and contaminant concentration. Distribution 
fitting was feasible when at least five concentration data points were available, among which 
three data values had to be above the detection limit and above the quantification limit. A 
probabilistic approach was possible for 11 species. Best fit distributions for the concentration 
data were determined using Kolmogorov-Smirnov and Anderson-Darling statistics, the P/P 
and Q/Q plots. The distributions were truncated with the truncated minimum equal to the 
lowest concentration at the lower end of the distribution, and with the truncated maximum 
equal to two times the highest concentration, at the higher end of the distribution. A 
deterministic approach was used for the species Alaska pollock, canned sardine, clams, 
cuttlefish, haddock, herring, lobster, mussels, pangasius, sea bass, squid and tuna. 
First order Monte Carlo simulations were performed considering 100,000 iterations to 
estimate the MeHg intake through the seafood diet for the two scenarios: lower bound (LB) 
and upper bound (UB). Non-detects (<LOD) and non-quantified (<LOQ) were considered as 
zero and LOD or LOQ for LB and UB scenarios, respectively. Only for pangasius, the 
measured concentration was lower than the LOQ, while for all the other species, the 
measured concentrations were above the LOQ. The estimated daily intake was expressed in 
µg/kg bw/day. 
5.2.4. Risk characterisation 
To evaluate the potential health risks of MeHg exposure, a health based guidance value can 
be applied. The European Food Safety Agency (EFSA) established a Tolerable Weekly 
Intake (TWI) for oral exposure to MeHg in humans equal to 1.3 µg/kg bw/week (based on 
neurodevelopmental outcomes) (EFSA, 2012). The use of this TWI value was chosen for this 
study as the value is generally accepted in a European context, whereas in the US a 
Reference Dose (RfD) of 0.1 μg/kg bw/day is generally applied to evaluate the potential 
health risk of MeHg exposure (Rice et al., 2000). 
5.3. Results and discussion 
5.3.1. Occurrence of MeHg in seafood species 
Data for the different species considered in the exposure estimations are summarised in 
Table 5.1. The variation between species is due to biotic (size, sex, longevity, growth rate, 
feeding habits, trophic position, habitat) and abiotic parameters (e.g. process of 
sedimentation and persistence of MeHg in sea depths, environmental conditions) (Kasper et 
al., 2009; Ruiz-de-Cenzano et al., 2014; Storelli et al., 2005). The highest mean levels of 
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MeHg were found in tuna (462 µg/kg  ww), monkfish (227 µg/kg  ww), sea bass (222 µg/kg  
ww), sea bream (208 µg/kg  ww), canned tuna (167 µg/kg  ww), octopus (126 µg/kg  ww), 
hake (123 µg/kg  ww), lobster (121 µg/kg  ww) and cuttlefish (104 µg/kg  ww).  
5.3.2. Exposure assessment 
The most common form of human exposure to MeHg is from seafood consumption (Hellberg 
et al., 2012). Table 5.2 shows the results of the exposure assessment for MeHg in the study 
countries. Mean values, standard deviations and the percentiles (P 50, P 75, P 90, P 95, P 
99) of the exposure distributions are described in Table 5.2.  
Table 5.2. Result of the exposure assessment for MeHg in the five countries.  
MeHg intake (µg/kg bw/week) %  > 1.3 (TWI) 
 
Mean Std Dev P50 P75 P90 P95 P99  
Belgium         
Seafood diet (UB)
a
 0.198 0.217 0.140 0.231 0.374 0.524 1.098 0.7 
Ireland         
Seafood diet  0.360 0.393 0.249 0.424 0.714 1.003 2.019 2.8 
Italy         
Seafood diet  0.546 0.355 0.459 0.685 0.979 1.207 1.785 3.8 
Portugal         
Seafood diet  0.796 0.426 0.707 0.997 1.347 1.604 2.220 11.3 
Spain         
Seafood diet  0.641 0.365 0.560 0.793 1.086 1.316 1.918 5.2 
a
 For Belgium, the UB scenario is presented as pangasius is only part of the top 15 most consumed species in Belgium, and 
only for pangasius a concentration level < LOQ was measured. For pangasius the concentration <LOQ is replaced by the LOQ 
value. 
The assessed exposure estimates from this study are comparable with the estimates 
provided by EFSA (EFSA, 2012). EFSA assessed MeHg exposure across different age 
groups based on dietary surveys from 17 EU countries. The mean medium bound MeHg 
exposure ranged from 0.06 µg/kg bw/week (for elderly) to 1.57 µg/kg bw/week (for toddlers). 
The P 95 ranged from 0.14 µg/kg bw/week (very elderly) to 5.05 µg/kg bw/week 
(adolescents). It must be noted that higher exposure levels were assessed for children, while 
dietary exposure to MeHg in women of childbearing age was reported not to be different from 
adults in general (EFSA, 2012). Children may be relatively more exposed than adults due to 
their relatively higher food consumption in relation to their lower body weights. Table 5.2 
indicates that Portuguese adults have the highest exposure to MeHg, followed by Spanish 
adults. By contrast, Irish and Belgian adults show the lowest exposure to MeHg through 





5.3.3. Risk characterisation 
The estimated mean seafood exposure to MeHg is lower than the provided TWI of 1.3 µg/kg 
bw/week in each of the study countries (Table 5.2), which is in agreement with the results of 
EFSA (EFSA, 2012). However, the P 95 for Irish, Italian, Portuguese and Spanish adults are 
close to, or above, the TWI. Specifically, exposure to MeHg through seafood consumption 
may be of concern for about 11% of the Portuguese population, 5% of the Spanish 
population, 4% of the Italian population, 3% of the Irish population and 1% of the Belgian 
population (Table 5.2). These numbers follow the order of the total seafood consumption as 
Portugal has the highest seafood consumption (2.8 times per week; about 490 g), followed 
by Spain (2.6 times per week; about 455 g) and Italy (2.1 times per week; about 368 g), 
whereas the Irish and Belgian populations have the lowest total seafood consumption 
frequency: 1.6 (about 280 g) and 1.1 (193 g) times per week, respectively. 
The finding that a larger subgroup of the southern European country’s population is 
potentially at risk due to a MeHg exposure through seafood intake is in agreement with the 
results of a previous investigation (Cardoso et al., 2010), indicating that the probability of 
exceeding the MeHg toxicological reference value was higher for Portugal (6.7%) and Spain 
(4.5%), compared to Germany (0.2%), the Netherlands (0.2%) and the UK (0.04%).  
Most of the research on MeHg exposure via seafood consumption has been performed in 
southern European countries such as Portugal, Spain and Italy (countries with a high 
seafood consumption frequency) (Afonso et al., 2015; Brambilla et al., 2013; Cardoso et al., 
2013; Cardoso et al., 2010; Nunes et al., 2014; Olmedo et al., 2013; Ortega-Garcia et al., 
2009; Perello et al., 2014; Ruiz-de-Cenzano et al., 2014; Storelli et al., 2003; Storelli et al., 
2005). The results of these studies are comparable with our current findings, namely that a 
potential health concern exists regarding MeHg exposure via seafood consumption for 
certain subpopulations in some countries, especially for vulnerable groups including children 
and women of childbearing age. It must be noted that children may have a higher exposure 
to MeHg than that estimated for the adult population in the considered countries. Moreover, it 
was shown that women aged 18 - 45 years (women of childbearing age) participating in the 
consumption surveys included in the EFSA report appeared to have similar dietary exposure 
as the general adult population (EFSA, 2012). Furthermore, pregnant women can be present 
in the group of high and frequent seafood consumers and unborn children constitute the 
most vulnerable group.  
The results of the present study support and emphasise the need for targeted, species-
specific and country-specific recommendations in order to mitigate the risk of MeHg 
exposure through seafood consumption. 
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5.3.4. Contribution of seafood species to MeHg exposure 
To develop and optimise country-specific risk mitigation communication strategies and 
dietary recommendations, the contribution of the seafood species to the total MeHg exposure 
was determined for each country (Table 5.3). In each of the five countries, tuna and canned 
tuna are the biggest contributors to MeHg exposure through seafood consumption. Tuna has 
the highest mean concentration level, while canned tuna has a relatively high mean MeHg 
concentration (Table 5.1). Canned tuna is highly consumed, especially in Italy, Portugal and 
Spain, while fresh tuna is consumed to a lesser, but still substantial extent in those countries. 
Discouraging the consumption of top predator fish species, such as tuna, is a frequently 
drawn conclusion, especially for susceptible groups (Brambilla et al., 2013; Cardoso et al., 
2010; EFSA, 2012; Nunes et al., 2014; Olmedo et al., 2013; Ortega-Garcia et al., 2009; Ruiz-
de-Cenzano et al., 2014). 
The highest potential health risk for the Portuguese population may be attributed to the 
higher total seafood consumption in Portugal compared to the other four countries. However, 
the Portuguese population has not a substantial higher seafood consumption than that of 
Spain, but the amount of consumers potentially at risk is about two times higher for Portugal 
than for Spain. Comparing the seafood consumption pattern in these two southern European 
countries, the consumption of cod (and to some extent that of monkfish) in Portugal is an 
important explanatory factor for the higher amount of consumers potentially at risk. Cardoso 
et al. (2010) recently concluded that cod consumption in Portugal should be reduced in order 
to reduce the potential risks related with MeHg exposure. In Belgium and Ireland, cod is also 
identified as an important contributor to MeHg exposure since in both countries, cod is one of 
the most consumed species. Furthermore, EFSA also reports cod as one of the most 







Table 5.3. Contribution of the considered species to MeHg exposure through the seafood pattern in the five countries (based on the mean exposure). The shading 
indicates the five species contributing to the highest extent. 
 
Species (% contribution to MeHg exposure through the seafood pattern) 
Belgium Ireland Italy Portugal Spain 
Tuna (40.76) Tuna (40.04) Tuna (32.51) Tuna (26.48) Tuna (29.53) 
Canned tuna (18.34) Canned tuna (16.16) Canned tuna (19.59) Canned tuna (14.83) Canned tuna (21.17) 
Cod fresh (11.02) Cod fresh (8.29) Sea bream (11.76) Sea bream (11.48) Hake (10.46) 
Shrimps and prawns (5.86) Sea bass (6.83) Sea bass (8.53) Hake (9.66) Sea bream (9.28) 
Alaska pollock (5.48) Hake (4.42) Octopus (5.49) Sea bass (7.70) Sea bass (7.49) 
Mackerel (3.12) Haddock (4.28) Hake (3.74) Cod dry/salted (7.37) Octopus (4.88) 
Salmon (2.95) Cod dry/salted (3.49) Cuttlefish (3.54) Octopus (5.78) Cuttlefish (3.58) 
Sole (2.58) Shrimps and prawns (3.45) Cod fresh (3.39) Monkfish (4.77) Shrimps and prawns (2.75) 
Lobster (2.37) Mackerel (3.16) Cod dry/salted (2.80) Sardine (2.92) Sardine (2.57) 
Sardine (2.16) Salmon (2.60) Shrimps and prawns (2.58) Cuttlefish (2.65) Squid (2.48) 
Canned sardine (1.93) Sardine (2.46) Squid (2.00) Squid (1.92) Canned sardine (1.87) 
Herring (1.36) Canned sardine (1.66) Sole (1.83) Shrimps and prawns (1.76) Sole (1.77) 
Squid (1.28) Sole (1.50) Salmon (1.08) Salmon (1.34) Salmon (1.09) 
Mussels (0.71) Lobster (1.42) Clams (0.69) Canned sardine (1.02) Mussels (0.57) 




Table 5.3 shows that hake is also an important contributor to MeHg exposure in Spain, 
Portugal and Ireland, which is in agreement with the results of previous surveys (Cardoso et 
al., 2013; Cardoso et al., 2010; EFSA, 2012; Nunes et al., 2014; Storelli et al., 2005). In Italy, 
octopus is an important contributor to MeHg exposure through seafood consumption. 
Research performed regarding MeHg exposure through cephalopods consumption in 
Portugal revealed that squid does not present a serious health concern, but cuttlefish and 
octopus consumption should not exceed two 150 g meals per week (Cardoso et al., 2012). 
Noteworthy, due to the high MeHg levels in sea bass and sea bream (Table 5.1), sea bass is 
identified as an important contributor to MeHg exposure for Italy and Ireland, and both 
species being important contributors in Italy, Portugal and Spain. To the best of our 
knowledge, the latter finding has not been observed in previous studies, and hence, to some 
extent it is surprising. This result likely reflects the dynamics of seafood consumption trends 
in the last years in the southern European countries compared to previous consumer 
surveys. Nonetheless, in a consumer guide focusing on mercury levels in seafood developed 
by Groth (2010), sea bream (porgy) and sea bass have been listed as “higher-mercury fish”.  
5.3.5. Uncertainties and limitations 
Although this study includes the consumption frequency of a rather large set of seafood 
species in different regions of Europe, some limitations should be acknowledged.  
When consuming seafood, people are exposed to both contaminants and nutrients 
influencing specific health outcomes (i.e. neurological, cardiovascular, immunological 
systems). Therefore, balanced assessments of contaminants and nutrients are 
recommended (Domingo, 2016; Gribble et al., 2016). This study aimed at assessing the 
potential health risks due to MeHg exposure. However, results from previous studies 
focussing on both MeHg and nutrients (omega-3 LCPUFA and/or selenium), highlighted that 
seafood species high in MeHg levels should be reduced - or avoided - to a certain extent 
(especially in vulnerable groups) in order to limit MeHg exposure. A frequent consumption of 
these seafood species may imply exceeding the toxicological threshold value for MeHg 
before reaching the recommended level of omega-3 LCPUFA and/or selenium (Cardoso et 
al., 2013; Cardoso et al., 2010; Hellberg et al., 2012; Nunes et al., 2014; Strom et al., 2011). 
Therefore, this study investigated whether a potential health risk exists in different European 
countries. The contribution of about 85% most consumed seafood species to MeHg 
exposure was assessed in five countries representing different seafood consumption 
patterns. Such approach is highly relevant in order to optimise species - and country - 
specific recommendations to assure that consumers benefit from the nutritional assets of 





An important limitation of the current study is that the exposure and risk assessments were 
performed based on data of MeHg concentrations measured in raw (and canned) samples. 
Of course, it is of interest to know the concentrations of MeHg after processing, as in most 
cases and in line with most EU-consumers’ seafood consumption habits, seafood is not 
consumed raw. Within another part of the ECsafeSEAFOOD-project, 18 steamed seafood 
samples were analysed regarding MeHg levels. In about 55% of the samples, the 
concentrations of MeHg increased at least 10%, compared to the same raw samples. This 
emphasises the need for more data on processed seafood samples in order to be able to 
draw more robust conclusions based on a larger data set of processed samples. On the 
other hand, Afonso et al. (2015) showed that bioaccessibility also influences the risk-benefit 
evaluation of tuna regarding selenium and MeHg. Recently, Cano-Sancho et al. (2015) 
reported a rather low MeHg bioaccessibility in marine species, concluding that potential 
health risks for the adult population might be overestimated if bioaccessibility is not 
considered. Therefore, further monitoring and exposure studies taking into account 
processing and bioaccessibility are advised, especially for those seafood species identified 
as high contributors to MeHg exposure. 
Inherently associated to exposure assessments are uncertainties that should be considered 
for the interpretation of the current results. Intrinsic factors related with food consumption 
such as misreporting of consumed foods, and erroneous estimation of consumed quantities 
(based on portion size) contribute to uncertainty. In addition, the MeHg concentration data 
file is composed of primary data obtained from the ECsafeSEAFOOD-project, as well as data 
from available scientific literature. The primary data collected within the project is expected to 
be of good quality, as quality assurance procedures and validated techniques were 
employed, and therefore, the uncertainty in the values is considered to be low as a specific 
sampling plan/framework was followed to collect the samples in the different countries. This 
primary data was combined with data from literature (different sources), in which for example 
other analytical methods might have been used (Kroes et al., 2002). Nonetheless, combining 
the data was essential to have a higher degree of representativeness of contaminant levels 
in the seafood species addressed. Despite not explicitly considered in the current study, the 
data included in the exposure model corresponded to levels of MeHg from seafood species 
collected in different seasons and in geographical locations, since both aspects are of 
relevance for European consumers.  
5.4. Conclusion 
Regarding MeHg exposure through seafood consumption, the results of the present study 
indicate that a country-specific approach is highly relevant in risk management and 
communication interventions. The largest subgroup of population exposed to potential health 
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risks due to MeHg exposure was identified in Portugal. Taking into account that vulnerable 
groups may be present among this potential risk subgroup, species-specific advice is 
recommended in order to reduce the health risk. Our results confirm that an excessive 
consumption of large predatory fish species, such as tuna, should be discouraged, while 
consumption of hake and cod in Portugal should be moderated. In Spain, although a similar 
advice should be followed, the consumption of cod is of less concern. Among the southern 
European countries, the potential risk of MeHg exposure through seafood is the lowest for 
Italy. However, to decrease the potential risk to MeHg exposure for a certain subpopulation, 
it should be advised to reduce the consumption of octopus, in addition to that of tuna and 
hake. The finding that sea bream and sea bass, due to the high MeHg levels, are substantial 
contributors to MeHg exposure in these three southern countries is surprising. Due to the 
important contribution of these species, further monitoring of the MeHg levels in sea bream 
and sea bass would be relevant, however, this also applies for other species. For the 
countries with a lower general seafood consumption frequency, such as Ireland and Belgium, 














The results of the risk assessment indicate that there is likely no concern for the majority of 
the considered contaminants. Nevertheless, a nuanced and balanced message is needed as 
high consumption levels of seafood may result in potential health risks. The latter is the case 
for MeHg and potentially for PBDE99. The provision of balanced messages regarding health 
risks and health benefits may lead to a more informed decision, and it is desirable because 
of ethical reasons relating to transparency and honesty (Fischer & Frewer, 2009; Greiner, 
Smith, & Guallar, 2010; Verbeke et al., 2008). 
As (increased) seafood consumption may also imply pressure on seafood stocks, combining 
health and sustainability aspects in information and recommendation messages is topical. 
Chapter 3 concluded that concern and awareness about marine environmental problems 
enhanced the belief that an individual can make a difference in tackling marine 
environmental problems, though only when a concrete action was proposed.  
This is further discussed in Chapter 6 together with the response to the message in relation 
with possible drivers for change in behavioural intention regarding seafood consumption 






→ Research objective 4 : Test the possible impact of information messages on seafood 




Consumer response to health and environmental sustainability 




















This chapter is based on: 
Jacobs, S., Sioen, I., Marques, A., Verbeke, W. (2017) Consumer response to health and 
environmental sustainability information regarding seafood consumption. Environmental 






6.1.1. Scope and objectives 
Regular consumption of seafood is recommended owing to its well-established health 
benefits. For example, the World Health Organization (2017) recommends 1-2 servings per 
week and the American Heart Association (2017) recommends at least 2 servings per week. 
However, health benefits have to be balanced with potential health risks. On one hand, 
seafood contains nutrients beneficial for human health, such as omega-3 fatty acids, vitamin 
D, iodine and selenium. On the other hand, seafood may also contain contaminants, such as 
methylmercury, PCBs, dioxins and other environmental contaminants of emerging concern 
such as pharmaceuticals, microplastics and endocrine disruptors. It has been generally 
advised to consume a seafood meal twice per week, with one including fatty fish species 
(Mozaffarian and Rimm, 2006a; Sioen et al., 2008a; Sioen et al., 2008b). In addition, seafood 
consumption recommendations should also guarantee that the advocated behaviour is 
environmentally sustainable, as a conflict may exist between the advice to increase seafood 
consumption and the pressure on fish stocks in the wild (Clonan et al., 2012). In a publication 
of the European Commission prepared by the International Union for Conservation of Nature 
(Nieto et al., 2015), it is reported that 8.4% of European marine fish species have 
experienced declining populations, 21.5% are more or less stable and 1.7% are increasing. 
The trend for 68.4% of the species still remains unknown. The main threats to European 
marine fish are overfishing, coastal development, energy production, mining and pollution 
(EC, 2015a). The latter threat in specific is related with potential adverse impacts on 
consumers’ health when consuming seafood (Domingo, 2016; Mostofa et al., 2013; Van der 
Meersch et al., 2015).  
Most seafood consumption guidance has not taken into account the ecological impacts of 
seafood choices by consumers (Oken et al., 2012). The general advice to increase seafood 
consumption has been criticised as conflicting with environmental sustainability goals 
(Clonan et al., 2012; Jenkins et al., 2009) and nutritional recommendations to increase 
seafood consumption seem only realistic if sufficient fish supplies are available (Oken et al., 
2012). Besides the responsibility of policy makers to guarantee long-term availability of 
seafood through the implementation of appropriate stock management strategies, it is 
important to inform consumers so that they can adjust their seafood consumption pattern 
integrating health and sustainability information. Environmental impacts associated with fish 
choice are perhaps the least visible to consumers and consequently the most difficult to 
incorporate into decision making processes (Oken et al., 2012). The development of an 
optimised communication strategy integrating the domains of health and environmental 
sustainability is of particular interest because of its potential impact in terms of changing 
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consumers’ knowledge, shaping their attitudes and redirecting their food choices and dietary 
behaviour (McGloin et al., 2009).  
Most research performed so far in the field of communication regarding seafood consumption 
covered risk-benefit communication, and within food risks, most attention has been paid to 
chemical contaminants (Frewer et al., 2016). Balanced messages referring both to health 
benefits and health risks were reported to result in an unchanged intention regarding seafood 
consumption frequency, but concurrently, resulted in a more negative attitude towards 
seafood consumption (Verbeke et al., 2008). By contrast, when communication only 
addresses seafood health benefits, it may be perceived as hiding the truth because of a 
vested interest; when the communication is only focused on seafood health risks, it may limit 
seafood consumption more than is desirable from a public health perspective (Verbeke et al., 
2008). The provision of balanced messages may lead to a more informed decision, and it is 
desirable because of ethical reasons relating to transparency and honesty (Fischer and 
Frewer, 2009; Greiner et al., 2010; Verbeke et al., 2008). Furthermore, advice should cover 
information to enable consumers to meet their nutritional needs, while protecting fish stocks 
as this is theoretically possible (Clonan et al., 2012; Nesheim and Nestle, 2014; Oken et al., 
2012). Importantly, consumers seem to perceive a match between health and sustainability 
and to be open to balanced information referring to health risks, health benefits and the 
environment in food-related communication activities - at least in the context of plant-based 
diets (Van Loo et al., 2017). Furthermore, they seem to be capable to “trade-off” or 
meaningfully combine such information to make informed decisions (Cope et al., 2010).  
Many factors affect consumers’ seafood choices. These range from demographic (e.g. age, 
gender, children) (Murray et al., 2017; Olsen, 2003; Verbeke and Vackier, 2005), regional 
(e.g. coastal vs. inland location) (Thong and Solgaard, 2017; Verbeke and Vackier, 2005) 
and social (e.g. social norms) characteristics (Verbeke and Vackier, 2005), over traditions 
and habits (Almeida et al., 2015; Olsen et al., 2013; Pieniak et al., 2008), marketing, 
communication and information provisioning (Hallstein and Villas-Boas, 2013; Verbeke et al., 
2008), to a wide range of food-, health-, and environment-related personal attitudes, 
perceived barriers and motives (Altintzoglou and Heide, 2016; Christenson et al., 2017; 
Thong and Solgaard, 2017). Among the latter are health and sustainability motives, i.e. the 
focal themes of the present study. Research performed in the UK with the goal to explore 
consumers’ attitude towards purchasing fish revealed that the majority of the participants 
bought fish for health reasons and that only a minority of them sought for buying sustainable 
fish (Clonan et al., 2012). In a similar vein, Murray et al. (2017) showed that sensory 
attributes, price, provenance or origin, and health benefits were far more important than the 





Canada. Meanwhile, the study by Hallstein and Villas-Boas (2013) showed that an advisory 
for sustainable seafood choice through the use of a traffic light system - without 
simultaneously stressing the nutritional or health benefits of seafood consumption - led to a 
significant decline in overall seafood sales, which was especially resulting from a strong 
decline in the sales of the yellow-labelled (i.e. “proceed with caution”) category. The latter 
results underscore the necessity to develop integrated messages referring to both health and 
environmental sustainability. Moreover, a review addressing the implementation of multiple 
impacts (i.e. health, environmental and economic impacts) of fish consumption in consumer 
advices in US populations and groups with similar consumption patterns, highlighted that 
there is a lack of information integrating not only health risks and benefits but also ecological 
impacts (Oken et al., 2012). Finally, Almeida et al. (2015) stressed that, although for a 
country such as Portugal (with one of the highest per capita seafood consumptions of the 
world) dietary recommendations to increase seafood consumption may not be applicable, 
more sustainable seafood consumption should be advocated. 
To our knowledge, no research has been performed yet on the impact of integrated 
communication activities for consumers referring to health risks, health benefits and 
environmental sustainability. Consequently, the purpose of this study is to determine the 
impact of such an integrated message on consumers’ intentions. In particular, this study aims 
to assess whether an integrated message reiterating the current general advice to consume 
seafood twice per week, results in an intended seafood consumption pattern in favour of 
health and environmental sustainability.  
6.1.2. Conceptual framework 
To the purpose of this research, a framework presented in Figure 6.1 is developed based on 
Verbeke (2008). The framework is based on two streams of research relevant to the field of 
communication and consumer behaviour, namely classical transmission models of 
communication or information theory and basic consumer psychology and behaviour models. 
Specific determinants influence the processing of the exposed message and this information 
processing may change consumers’ knowledge, shape consumers’ attitudes and redirect 
decision making regarding food choices (Griffin et al., 1999; Verbeke, 2008). In this research, 
the selected determinants that may act as catalysts to information processing are ‘attitude 
towards the message’, ‘initial behaviour’, ‘initial beliefs’ and ‘individual characteristics’. The 
communication effect variables are ‘impact on beliefs’ in association with the final effect 
variable ‘change in behavioural intention, which involves the two dependent variables: (1) 
change in intention (difference between after and before exposure) to consume seafood 
twice per week, and (2) change in intention (difference between after and before exposure) 




Figure 6.1. Conceptual framework for the study: selected determinants ‘attitude towards the message’, 
‘initial behaviour’, ‘initial beliefs’ and ‘individual characteristics’ and its effects on ‘change in behavioural 
intention’, involving (1) change in intention to consume seafood twice per week, and (2) change in 
intention to buy sustainable seafood. The term pre-exposure refers to measurements before exposure to 
the message and the term post-exposure refers to measurement after exposure to the message. 
Attitude towards the message  
One of the important factors to ensure effectiveness of fish consumption advisories, is trust 
and belief in the provided information (Frewer et al. 2016; Frewer et al., 1997; Griffin et al., 
1999; Jardine, 2003; Verbeke, 2008; Verbeke et al., 2008). This is directly related with trust 
in the message source and with ‘attitude towards the message’ as presented in the 
framework.  
Initial behaviour 
‘Initial behaviour’ regarding seafood consumption frequency and regarding sustainable 
seafood buying frequency may be reflected in the attitude towards seafood consumption and 
the attitude towards buying sustainable seafood (Ajzen, 1991; van Dijk et al., 2011a). van 
Dijk et al. (2012) reported that initial attitudes may influence the effect of balanced 
information on post-information attitudes and consequently on behaviour. Due to considering 
initial behaviour regarding seafood consumption frequency and regarding sustainable 
seafood buying frequency, it is possible to verify whether intentions change according to the 





Initial beliefs and impact on beliefs 
‘Initial beliefs’ and the communication effect variable ‘impact on beliefs’ refer to three 
concepts, namely health benefit perception, health risk perception and PCE (Perceived 
Consumer Effectiveness) through seafood choice. Prior beliefs about health risks and health 
benefits are important to take into consideration when studying the impact of processing the 
exposed information on the communication effect variables and knowledge of these prior 
perceptions is essential in the scope of risk-benefit communication (Cope et al., 2010; 
Frewer et al., 2016). In addition, previous research showed that balanced information has an 
impact on benefit and risk perception, and consequently, this impact (‘impact on beliefs’) is 
considered in the framework together with the association with ‘change in behavioural 
intention’ (van Dijk et al., 2012; Verbeke et al., 2008). Besides health benefit perception and 
health risk perception, also PCE through seafood choice is considered. PCE is the 
individual’s belief that his or her efforts will make a difference and PCE has been described 
as an important predictor for actual pro-environmental buying behaviour (Berger and Corbin, 
1992; Ellen et al., 1991; Rex and Baumann, 2007). In addition, a high marine environmental 
concern is associated with a high PCE when a concrete action is proposed, e.g. particular 
seafood choice (Jacobs et al., 2015a). Verbeke et al. (2007b) concluded that consumers with 
a higher PCE were also more interested in receiving information, hence initial PCE may 
influence information processing of the exposed message. Furthermore, the impact of the 
exposed message on PCE through seafood choice will be studied in association with the 
change in behavioural intention, namely change in intention to buy sustainable seafood, so 
that it can be determined whether PCE through seafood choice is an important predictor for 
buying sustainable seafood.  
Individual characteristics 
The ‘individual characteristics’ age, country, gender and education level are included in the 
framework as they influence information processing and consequently behavioural change 
(Cope et al., 2010; Griffin et al., 1999; Haab et al., 2010; van Dijk et al., 2011a). 
Change in behavioural intention 
The communication effect variables included in this study are: (1) change in intention to 
consume seafood twice per week, and (2) change in intention to buy sustainable seafood, 
together with the ‘impact on beliefs’. Since consumption behaviour is associated with the 
intention to consume, an indication of the impact of processing of the exposed message on 
future behaviour regarding seafood consumption is obtained (Ajzen, 1991). 
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6.2. Material and methods 
6.2.1. Data collection  
In order to study the impact of a balanced message on the intention to consume seafood 
twice per week and to buy sustainable seafood, a web based survey was performed (in 
December 2014) in two European countries, namely Belgium (Flanders) and Portugal. 
Samples were nationally representative for gender, region and age within the range 18-70 
years. Table 1.2 in Chapter 1 tabulates the socio-demographic profile of the study sample. 
91% of the participants in the total sample reported to be mainly responsible or at least 
partially responsible for purchasing seafood products in their household. The 9% who have 
indicated to be not mainly or partially responsible for purchasing seafood products were also 
included in the analyses as this was not an exclusion criterion and the focus of this study is 
not only on buying behaviour. Solomon et al. (2006) indicated that many purchasing 
decisions are made by more than one person, whenever two or more people are involved in 
evaluating, selecting or using a product, which is known under the term collective decision-
making. 
In relation to food in general and seafood in specific, gender, age and region are important 
socio-demographic characteristics for the profiling of segments in addition to differences 
between different countries. Men and women have different social practices around food 
consumption, household behaviour, responsibility, vulnerability, patterns of risk perception, 
patterns of dietary behaviour and experiences of communication technologies (Barnett et al., 
2011; Haab et al., 2010; van Dijk et al., 2011a). Several studies also indicated that gender, 
age and region are related with the frequency of seafood consumption (Murray et al., 2017; 
Olsen, 2003; Thong and Solgaard, 2017; Verbeke and Vackier, 2005), suggesting that 
seafood consumption increases with female gender, age and coastal location.  
6.2.2. Experimental design  
Each participant was randomly exposed to one of nine messages. These nine messages 
were based on a combination of three different message sources (seafood 
industry/processors, environmental protection groups, national and European food safety 
authorities) with three message conditions. Table 6.1 lists the number of participants per 
message and per country. Three different sources were selected to determine the effect of 
the message source on the effect variables, as previous research showed that a wide 
diversity exists in consumers’ trust in different sources of information related to seafood. 
Among the three sources, the highest trust is generally measured for environmental 
protection groups, whereas the lowest trust has been reported for national and European 





The three message conditions were balanced regarding health benefits (resulting from the 
presence of specific nutrients in seafood) and health risks (resulting from the presence of 
specific contaminants in seafood), but differed in the option to optimise consumers’ choice of 
seafood species favouring sustainability. The three options were: a) buying seafood with an 
eco-label, b) buying seafood taking into account its origin, and c) buying seafood taking into 
account seasonality (i.e. not buying specific species during the species’ spawning period). 
These options are currently being used by several actors to promote sustainable seafood 
consumption (EC, 2015a). In addition, Rex and Baumann (2007) state that eco-labelled 
products are mainly targeted to ‘green’ consumers, which may partly explain the low market 
share of eco-labelled products. Therefore, it is of particular interest to include other possible 
options for buying sustainable seafood and to verify whether the two other options reach a 
wider range of consumers. Actionable recommendations for the desirable change were given 
in the different messages, namely consumption of seafood twice per week, combined with a 
concrete recommendation to buy sustainable seafood through one of the three options, 
because concretising is one of the prerequisites for stimulating a desirable behavioural 
change (Frewer et al., 2016). Furthermore, marine environmental concern is associated with 
a higher PCE (which is a predictor of pro-environmental behaviour) only when a concrete 
action is proposed according to the study of Jacobs et al. (2015a). The messages provided 
are adapted from the study of Verbeke et al. (2008) and are available in Appendix I.  





















Belgium, Flanders  51 51 58 54 47 57 52 54 50 474 
Portugal 54 58 61 56 58 58 59 53 55 512 
Message 1 = Eco-label and Seafood industry/processors; Message 2 = Eco-label and Environmental protection groups; 
Message 3 = Eco-label and National and European food safety authorities; Message 4 = Origin and Seafood 
industry/processors; Message 5 = Origin and Environmental protection groups; Message 6 = Origin and National and European 
food safety authorities; Message 7 = Seasonality and Seafood industry/processors; Message 8 = Seasonality and 
Environmental protection groups; Message 9 = Seasonality and National and European food safety authorities 
6.2.3. Questionnaire content 
Scores on different items were measured to study the impact of the balanced communication 
activity referring to both health risks and benefits and to environmental sustainability 
regarding seafood consumption, according to the framework presented by Figure 6.1. Pre-
exposure measurements refer to scores before exposure to the message and post-exposure 
measurements refer to scores after exposure to the message. After exposure to the 
message, it was mentioned that recurrent questions are normal and that these questions 
have to be answered taking into account the provided information. 
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Attitude towards the message  
To measure the attitude towards the message (Cronbach’s α = 0.928), the statement “How 
do you feel about this message? In my opinion this message is…” with six bipolar adjectives 
“not credible/credible”, “untrustworthy/trustworthy”, “irrelevant/relevant”, “not 
sufficient/sufficient”, “not comprehensible/comprehensible”, “unpersuasive/persuasive”  was 
scored on a 7-point scale (Altintzoglou et al., 2010; Frewer et al., 1997; Verbeke et al., 2008). 
Initial behaviour 
Self-reported pre-exposure seafood consumption frequency was measured as the number of 
portions per week, indicating that one portion is about 150-200 g. A 7-point frequency scale 
ranging from never to daily was used: “never”, “less frequently”, “once a week”, “2 times a 
week”, “3-4 times a week”, “5-6 times a week” and “daily”. Self-reported pre-exposure 
sustainable seafood buying frequency was recorded by the participants’ using one of the 
following response categories: “always”, “frequently”, “sometimes”, “rarely”, “never”. 
Initial beliefs and impact on beliefs 
Two statements referring to chemical contamination and one general statement regarding 
seafood consumption were included to measure pre-exposure health risk perception 
(Cronbach’s α = 0.876) and post-exposure health risk perception (Cronbach’s α =0.891), 
namely “I do not want to eat seafood very often because I am afraid of food poisoning from 
chemicals (e.g. heavy metals, dioxins, residues, microplastics)”, “Seafood is riskier to eat 
than meat because of chemicals present in seafood” and “I am very concerned about the 
possibility of getting sick because of eating seafood”. A 7-point Likert scale ranging from 
“totally disagree” (1) to “totally agree” (7) was used for all items. Pre-exposure health benefit 
perception (Cronbach’s α = 0.943) and post-exposure health benefit perception (Cronbach’s 
α = 0.957) were assessed by scoring three items on a 7-point Likert scale ranging from 
“totally disagree” (1) to “totally agree” (7). Items included “Eating seafood is good for my 
health”, “Eating seafood allows me to live healthily” and “Eating seafood helped me to grow 
up healthy”. These constructs were based on studies of Pieniak et al. (2008, 2010b). Pre-
exposure PCE through seafood choice and post-exposure PCE trough seafood choice were 
determined by scoring, on a 7-point Likert scale, the following item: “A single person can 
make a difference to the marine environment by carefully selecting seafood products” 







Change in behavioural intention 
Pre-exposure intention to consume seafood twice per week (Cronbach’s α = 0.969) and post-
exposure intention to consume seafood twice per week (Cronbach’s α = 0.984) were 
assessed by scoring three statements on a 7-point scale ranging from “very unlikely” (1) to 
“very likely” (7). Statements included “I plan to eat seafood two times in the next week”, “I 
expect to eat seafood two times in the next week” and “I will try to eat seafood two times in 
the next week” (Sparks and Guthrie, 1998). The same construct was adapted and used for 
measuring the pre-exposure intention to buy sustainable seafood (Cronbach’s α = 0.975) and 
for measuring the post-exposure intention to buy sustainable seafood (Cronbach’s α = 
0.984).  
6.2.4. Analysis procedure 
As the main research question involves investigating the impact of processing the exposed 
message on the intention to consume seafood twice per week and the intention to buy 
sustainable seafood, a two-step cluster analysis (a hierarchical cluster analysis using Ward’s 
method to determine the number of clusters, followed by a K-means cluster analysis to 
determine cluster membership) was performed based on: (1) the difference between post-
exposure intention to consume seafood twice per week and pre-exposure intention to 
consume seafood twice per week, and (2) the difference between post-exposure intention to 
buy sustainable seafood and pre-exposure intention to buy sustainable seafood. Next, the 
impact of the message condition, message source, attitude towards the message, initial 
behaviour, initial beliefs and individual characteristics on the change in intention to consume 
seafood twice per week and on the change in intention to buy sustainable seafood 
(reproduced by the clusters, see framework in Figure 6.1) were studied. To this purpose, Chi-
square cross-tabulation and One-way ANOVA were used. In addition, the impact of 
processing the exposed message on the initial beliefs was studied by performing a Paired t-
test (impact on beliefs, see framework in Figure 6.1). The final analysis consisted of 
Multinomial Logistic Regression (MLR) to reveal the impact and magnitude of the impact of 
the hypothesised determinants (framework in Figure 6.1) on the effect variables (change in 
intention to consume seafood twice per week and change in intention to buy sustainable 
seafood), while controlling for the effects of all covariates. Odds ratios, which will be 
presented in the results section, are interpretable as an effect size; the closer the odds ratio 
is to 1, the smaller the effect (Tabachnick & Fidell, 2012). The assumptions of linearity in the 
logit and absence of multicollinearity were checked (Petrucci, 2009; Tabachnick and Fidell, 
2012). Furthermore, effects of overdispersion were reduced by correcting the standard errors 
based on the Pearson chi-square statistic (Field, 2012). SPSS (version 20) was used for the 




6.3.1. Change in behavioural intention - Cluster analysis 
Based on (1) the change in intention to consume seafood twice per week (mean score of 
0.20 for the total sample), and (2) the change in intention to buy sustainable seafood (mean 
score of 0.09 for the total sample), five clusters were identified, accounting for 60% (Cluster 
1), 17% (Cluster 2), 14% (Cluster 3), 5% (Cluster 4) and 4% (Cluster 5) of the participants in 
the study sample (Figure 6.2). The range of the difference in intention, resulting from 
exposure to the message, is higher for the intention to consume seafood twice per week (x-
axis, Figure 6.2) than for the intention to buy sustainable seafood (y-axis, Figure 6.2).   
 
 
Figure 6.2. Consumer groups identified based on the change in intention to consume seafood twice per 
week (x-axis) and on the change in intention to buy sustainable seafood (y-axis) following message 
exposure. The coordinates (x ; y) indicate the mean ratings for the different clusters on the classification 
variables. The pre-exposure and post-exposure intention scores are mentioned between the brackets. 
 
Cluster 1 (60%; ≈ Intention) consists of participants who hardly change their intention to 
consume seafood twice per week and who hardly change their intention to buy sustainable 
seafood after exposure to the message. The second largest group (Cluster 2, 17%; ↑ 
Intention to buy sustainable seafood) is the only group that indicated to change their intention 
to buy sustainable seafood after exposure to the message. The difference in intention to 
consume seafood twice per week is the lowest for Cluster 2. For the remaining three clusters 
(Cluster 3, Cluster 4 and Cluster 5), only an impact of exposure to the message on intention 
















































Change in intention to consume seafood twice per week (x-axis) 
Cluster 1 
(-0.14 ; -0.27) 
(5.27 to 5.13 ; 5.31 to 5.04) 
Cluster 2  
(-0.08 ; 1.48) 
(5.50 to 5.42 ; 4.18 to 5.66) 
 
Cluster 3  
(1.62 ; 0.05) 
(3.35 to 4.97 ; 5.12 to 5.17) 
Cluster 4  
(-2.21 ; -0.43) 
(5.47 to 3.26 ; 4.49 to 4.06) 
Cluster 5  
(5.16 ; 0.22) 





intention to buy sustainable seafood. However, the pre-exposure intention scores for buying 
sustainable seafood are already high for these clusters except for Cluster 4. Cluster 3 (14%; 
↑ Intention to consume seafood twice per week) reported an increased intention to consume 
seafood twice per week. Cluster 4 (5%; ↓ Intention to consume seafood twice per week) 
indicated a decreased intention to consume seafood twice per week, which is in contrast with 
Cluster 5 (4%; ↑↑ Intention to consume seafood twice per week) described with a highly 
increased intention to consume seafood twice per week. 
Message condition, message source and attitude towards the message  
Participants were randomly exposed to one of the nine messages (three message conditions 
x three message sources). No significant association was found between the nine different 
messages and the clusters (χ2 (32, N=986) = 31.78, p=0.478, Cramer’s V = 0.090), between 
the three different message sources and the clusters (χ2 (8, N=986) = 6.58, p=0.582, 
Cramer’s V = 0.058), whereas a significant but weak relationship was observed between the 
three different message conditions (eco-label, origin and seasonality) and the clusters (χ2 (8, 
N=986) = 16.08, p=0.041, Cramer’s V = 0.090).  
Overall, a positive attitude towards the message was measured (mean score of 5.66 (5.59 to 
5.73) in the total sample). Although this attitude is favourable in all five clusters, significant 
differences were observed between the clusters (Welch’s F (4, 150.90) = 6.51, p<0.001). The 
strongest favourable attitude was seen in Cluster 5 (↑↑ Intention to consume seafood twice 
per week) and Cluster 2 (↑ Intention to buy sustainable seafood). Cluster 1 (≈ Intention) and 
Cluster 4 (↓ Intention to consume seafood twice per week) have the least favourable attitude.  
Initial behaviour  
The pre-exposure seafood consumption frequency differed significantly between Belgium 
and Portugal (χ2 (2, N=986) = 331.12, p<0.001, Cramer’s V = 0.580). The largest part 
(73.6%) of the participants in Belgium consumed seafood less than or equal to once per 
week, while the majority (53.1%) in Portugal consumed seafood more than twice per week.  
A significant and strong association is seen between the clusters and pre-exposure seafood 
consumption frequency. Table 6.2 indicates that initially, a relatively higher amount of 
participants in Cluster 3 (↑ Intention to consume seafood twice per week) have a seafood 
consumption frequency below twice per week. A relatively higher amount of participants in 
Cluster 2 (↑ Intention to buy sustainable seafood) have a seafood consumption frequency of 
twice per week (as recommended in the exposed message) and this cluster also indicates no 
intention to change behaviour related to the consumption of seafood twice per week after 
exposure to the message. The majority of the participants in Cluster 5 (↑↑ Intention to 
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consume seafood twice per week) have a seafood consumption frequency higher than twice 






Table 6.2. Differences in pre-exposure seafood consumption frequency and pre-exposure sustainable seafood buying frequency between the clusters. 
 







↑ Intention to buy 
sustainable seafood 
↑ Intention to 
consume seafood 
twice per week 
↓ Intention to 
consume seafood 
twice per week 
↑↑ Intention to 
consume seafood 
twice per week 
Initial behaviour (Pre-exposure) 
         
Seafood consumption frequency       132.27 <0.001 0.259 
More than twice per week to daily (%) 35.9 25.7 8.9 32.0 63.9 31.2    
Twice per week (%) 23.1 39.2 7.4 16.0 22.2 23.3    
Less than once per week to once per week (%) 41.1 35.1 83.7 52.0 13.9 45.4    
Sustainable seafood buying frequency  
      
34.97 <0.001 0.133 
Frequently to always (%)  40.2 21.6 37.0 40.0 55.6 37.1 
   
Sometimes (%)  32.7 35.1 27.4 20.0 25.0 31.4 
   
Never to rarely (%) 27.1 43.3 35.6 40.0 19.4 31.4 





Table 6.3. Differences in the pre-exposure mean scores, post-exposure mean scores, and in the difference between the post-exposure and pre-exposure mean 
scores, for health benefit perception, health risk perception and PCE through seafood choice between the different clusters. Mean ratings and the 95% confidence 
interval (between brackets) are tabulated. 
 
  Cluster 1 (60%) Cluster 2 (17%) Cluster 3 (14%) Cluster 4 (5%) Cluster 5 (4%) Total sample (Welch’s) 
F 
p-value 
  ≈ Intention 
↑ Intention to buy 
sustainable seafood 
↑ Intention to 
consume seafood 
twice per week 
↓ Intention to 
consume seafood 
twice per week 
↑↑ Intention to 
consume seafood 
twice per week 
Health benefit perception 
     
   
Pre-exposure health benefit 
perception 6.03
b
 (5.95 to 6.10) 6.14
b
 (6.01 to 6.26)  6.02
b
 (5.89 to 6.16) 5.40
a
 (5.07 to 5.73) 6.30
b
 (6.05 to 6.54) 6.02 (5.97 to 6.08) 
7.47 <0.001 
Post-exposure health benefit 
perception 5.87
b
 (5.79 to 5.94) 5.93
b
 (5.79 to 6.07) 5.81
b
 (5.66 to 5.97) 5.17
a
 (4.78 to 5.57) 6.21
b
 (5.94 to 6.48) 5.85 (5.79 to 5.91) 
4.99 0.001 
Impact on health benefit 
perception -0.16 (-0.21 to -0.11) -0.21 (-0.32 to -0.10) -0.21 (-0.33 to -0.09) -0.23 (-0.65 to 0.19) -0.08 (-0.29 to 0.13) -0.18 (-0.22 to -0.13) 
0.45 0.773 
Health risk perception 
     
   
Pre-exposure health risk 
perception 2.54
a,b 
(2.43 to 2.64) 2.28
a
 (2.12 to 2.44) 2.66
a,b 
(2.44 to 2.88) 3.11
b
 (2.71 to 3.51) 2.32
a,b 
(1.86 to 2.79) 2.53 (2.45 to 2.61) 
4.86 0.001 
Post-exposure health risk 
perception 2.91
a
 (2.80 to 3.02) 2.80
a
 (2.61 to 2.99) 2.98
a,b
 (2.76 to 3.20) 3.55
b
 (3.20 to 3.91) 3.06
a,b 
(2.53 to 3.60) 2.94 (2.86 to 3.02) 
3.23 0.012 
Impact on health risk 
perception 0.37 (0.29 to 0.46) 0.52 (0.35 to 0.70) 0.32 (0.13 to 0.51) 0.45 (0.13 to 0.76) 0.74 (0.40 to 1.08) 0.41 (0.34 to 0.48) 
1.70 0.149 
PCE through seafood choice          
Pre-exposure PCE through 
seafood choice  4.36
b
 (4.24 to 4.49) 4.01
a,b 
(3.76 to 4.25) 4.30
a,b 
(4.05 to 4.54) 3.66
a 
(3.18 to 4.14) 4.47
a,b 
(3.95 to 5.00) 4.26 (4.16 to 4.36) 
3.83 0.004 
Post-exposure PCE through 
seafood choice  4.52
b
 (4.40 to 4.64) 4.39
a,b 
(4.15 to 4.63) 4.32
a,b 
(4.06 to 4.58) 3.82
a
 (3.37 to 4.27) 4.64
a,b 
(4.09 to 5.19) 4.44 (4.34 to 4.53) 
2.82 0.024 
Impact on PCE through 
seafood choice 0.16 (0.05 to 0.27) 0.38 (0.16 to 0.60) 0.02 (-0.22 to 0.27) 0.16 (-0.28 to 0.60) 0.17 (-0.43 to 0.76) 0.18 (0.09 to 0.27) 1.30 0.267 





The frequency distribution of pre-exposure sustainable seafood buying frequency differs by 
country (χ2 (2, N=986) = 16.68, p<0.001, Cramer’s V = 0.130). In Belgium, the majority of the 
participants (36.9%) indicated to buy never to rarely sustainable seafood, which is in contrast 
to Portugal where the majority of the participants (42.4%) reported to buy frequently to 
always sustainable seafood. 
As compared to the distribution in the total sample, Cluster 2 and Cluster 4 are characterised 
by a relatively higher amount of participants who initially buy never to rarely sustainable 
seafood (Table 6.2). Furthermore, only the participants from Cluster 2 indicated to increase 
the intention to buy sustainable seafood after exposure to the message (Figure 6.2). 
Although participants from Cluster 5 did not indicate to change their sustainable seafood 
buying frequency after reading the message (Figure 6.2), it is noteworthy Cluster 5 has a 
relatively higher amount of participants who initially buy frequently sustainable seafood.  
Initial beliefs and message impact on beliefs 
In the total sample the health benefit perception is significantly decreased (paired t-test; 
t=7.55, df=985, p<0.001) and the health risk perception about seafood is significantly 
increased (paired t-test; t=-11.77, df=985, p<0.001) after exposure to the message (Table 
6.3). Although exposure to the message resulted in a more negative health perception of 
seafood, the benefit perception was still high (mean score of 5.85) and the risk perception 
was still low (mean score of 2.94) after exposure to the message. In addition, the results 
tabulated in Table 6.3 show that a significant difference exists between the clusters for pre-
exposure and post-exposure health benefit perception and pre-exposure and post-exposure 
risk perception. Cluster 4 is described with a decrease in intention to consume seafood twice 
per week after exposure to the message (Figure 6.2), and furthermore, this Cluster 4 has 
also the lowest pre-exposure and post-exposure benefit perception, as well as the highest 
pre-exposure and post-exposure risk perception. 
Table 6.3 shows that, overall, PCE is significantly increased after exposure to the message 
(paired t-test; t=-3.91, df=985, p<0.001). However, the post-exposure mean PCE score in the 
total sample (i.e. 4.44) remains close to the neutral point of 4. The mean pre-exposure and 
post-exposure PCE scores are significantly different between the clusters with the lowest 
mean scores in Cluster 4. The highest pre-exposure and post-exposure PCE scores are 
seen in Cluster 1 and Cluster 5, which is in accordance with their overall more frequent 






An association is found between country and the five clusters (χ2 (4, N=986) = 45.79, 
p<0.001, Cramer’s V = 0.216). As compared to the distribution in the total sample, there are 
relatively more Belgian participants in Cluster 3 than Portuguese participants. Cluster 3 is 
described with a low pre-exposure seafood consumption frequency and with a higher 
intention to consume seafood twice per week after exposure to the message. In addition, 
there are relatively more Portuguese participants in Cluster 5 than Belgian participants as 
compared to the distribution in the total sample. Cluster 5 is described with the highest pre-
exposure seafood consumption frequency, a high pre-exposure sustainable seafood buying 
frequency and a highly increased intention to consume seafood twice per week after 
exposure to the message. No significant association is found between the clusters and age 
(F (4, 981) = 1.00, p=0.407), the clusters and gender (χ2 (4, N=986) = 2.14, p=0.710, 
Cramer’s V = 0.047), and the clusters and education level (χ2 (8, N=986) = 8.55, p=0.382, 
Cramer’s V = 0.066). 
6.3.2. Determinants of change in behavioural intention – Multinomial Logistic 
Regression 
The three largest clusters accounting for 91% of the sample, namely Cluster 1, Cluster 2 and 
Cluster 3, were studied in detail with regards to the role of the determinants discussed in the 
previous paragraphs and presented in the framework (Figure 6.1). These determinants are 
simultaneously entered in a multivariate model to account for the effects of all covariates. In 
this multivariate model, the results are also controlled for the reported initial intention to 
consume seafood twice per week and for the reported initial intention to buy sustainable 
seafood. The justification is that a high initial intention score may imply a low increase in 
intention due to a possible ceiling effect.  
Before entering the continuous variables in the model, the correlations between them were 
verified. This resulted in eliminating post-exposure health benefit perception, post-exposure 
health risk perception and post-exposure PCE through seafood choice from the model due to 
high correlation values with their respective pre-exposure measurements. The remaining 
predictors were forced into the regression model. The full model significantly differed from 
the constant-only model (chi-square (36, n=900) = 230.05, p<0.001), indicating that the 
predictors as a set significantly predict cluster membership and, consequently predict the 
change in intention to consume seafood twice per week and the change in intention to buy 
sustainable seafood. The model resulted in a Nagelkerke pseudo-R2 of 0.273 and the overall 





Table 6.4. Results of MLR predicting cluster membership. The predictors pre-exposure health risk perception and pre-exposure PCE through seafood choice were 
reciprocally transformed. Note that pre-exposure intention to consume seafood twice per week (reciprocally transformed) and pre-exposure intention to buy 
sustainable seafood (reciprocally transformed) were included in the model to control for these variables. * p<0.05; ** p≤0.01; *** p≤0.001. 
 
Predictor 
Odds ratio - Cluster 2 (17%) Odds ratio - Cluster 3 (14%) Odds ratio - Cluster 3 (14%) 
↑ Intention to buy sustainable 
seafood 
↑ Intention to consume seafood twice per 
week 
↑ Intention to consume seafood twice per week 
 
Versus Cluster 1 (≈ Intention) Versus Cluster 1 (≈ Intention) 




 Origin 1.242 0.640 0.515 
Seasonality 1.686* 0.959 0.568 
Eco-label  . . . 
Message source 
   
Environmental protection groups  1.107 1.110 1.003 
National and European food safety authorities 1.108 0.945 0.853 
Seafood industry/processors . . . 
Attitude towards the message 1.524
***
 1.071 0.703* 
Pre-exposure seafood consumption frequency 
   







More than twice per week to daily 0.481
**
 0.665 1.382 
Twice per week  . . . 
Pre-exposure sustainable seafood buying 
frequency    










Frequently to always . . . 





Pre-exposure health risk perception 1.458 1.397 0.958 
 
Pre-exposure PCE through seafood choice 1.743 0.992 0.569 
Age  0.991 0.998 1.007 
Country 
   
Belgium, Flanders 1.519 1.208 0.796 
Portugal . . . 
Gender 
   
Female 1.041 1.030 0.989 
Male . . . 
Education level 
   
Lower education 1.265 0.998 0.789 





First, Cluster 1 (≈ Intention), which is characterised by no change in intention after exposure 
to the message, will be considered as the reference category (Table 6.4). As a result, the 
significant predictors explaining why a participant does change (increase) the intention to buy 
sustainable seafood (Cluster 2 versus Cluster 1) and why a participant does change 
(increase) the intention to consume seafood twice per week (Cluster 3 versus Cluster 1) can 
be determined. 
Table 6.4 indicates that several determinants considered in the framework (Figure 6.1) are 
important when differentiating Cluster 2 (↑ Intention to buy sustainable seafood) from 
Cluster 1 (≈ Intention). It is more likely to belong to Cluster 2 than to Cluster 1 if the attitude 
towards the message is more positive. When comparing Cluster 2 with Cluster 1, no 
significant effect is seen for the message source. But, an effect is seen for the message 
condition as participants who received the option ‘seasonality’ instead of the option ‘eco-
label’ were more likely to belong to Cluster 2 than to Cluster 1. No significant difference is 
observed for the option ‘origin’ regarding these two clusters. Initial behaviour is the most 
important differentiator (odds ratios differ the most from 1). Participants with a low pre-
exposure sustainable seafood buying frequency (never to sometimes) are more likely to 
belong to Cluster 2 than to Cluster 1. Participants who initially do not follow the 
recommendation of consuming seafood twice per week (i.e. who have a pre-exposure 
seafood consumption frequency lower or higher than twice per week, are less likely to belong 
to Cluster 2 than to belong to Cluster 1. 
When differentiating Cluster 3 (↑ Intention to consume seafood twice per week) from 
Cluster 1 (≈ Intention), only two determinants were significant, namely pre-exposure 
seafood consumption frequency and pre-exposure health benefit perception. It is more likely 
to belong to Cluster 3 than to Cluster 1 when consumers have a higher health benefit 
perception. Participants with a seafood consumption frequency lower than twice per week 
are more likely to belong to Cluster 3 than to Cluster 1. Again initial behaviour is the most 
important differentiator.  
Second, Table 6.4 also tabulates the results of the MLR when Cluster 2 is considered as the 
reference category instead of Cluster 1 and shows that there are four significant 
determinants when comparing Cluster 3 (↑ Intention to consume seafood twice per 
week) with Cluster 2 (↑ Intention to buy sustainable seafood), namely attitude towards 
the message, pre-exposure seafood consumption frequency, pre-exposure sustainable 
seafood buying frequency and pre-exposure health benefit perception. Concerning initial 
behaviour, which is again the most important differentiator between the two clusters, the 
results show that when participants initially consume seafood less than twice per week, the 
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seafood consumption frequency advice outweighs the sustainable seafood buying advice as 
they are more likely to belong to Cluster 3 than to Cluster 2. By contrast, sustainable seafood 
buying advice outweighs the seafood consumption frequency advice when participants 
initially buy less frequently sustainable seafood (less to sometimes) as these participants are 
more likely to belong to Cluster 3 than to Cluster 2. When participants have a higher health 
benefit perception, seafood consumption frequency advice outweighs the sustainable 
seafood buying advice as belonging to Cluster 3 instead of Cluster 2 is more likely in this 
case. When consumers have a more positive attitude towards the message, it is more likely 
to belong to Cluster 2 than to Cluster 3. 
Note that the significant difference for health risk perception and PCE through seafood 
choice between the clusters and the significant association between the clusters and country 
fade away when using this multivariate approach.  
6.4. Discussion 
Due to pressure on the marine environment and wild fish stocks, providing consumers with 
information on solely health benefits of consuming seafood should be avoided. Therefore, it 
is essential to combine information about health benefits, health risks, and environmental 
sustainability regarding seafood consumption. Consequently, this research investigated the 
impact of such an integrated message on seafood consumer behaviour regarding these two 
domains. More in particular, the focus was on studying the impact on (1) the intention to 
consume seafood twice per week and (2) the intention to buy sustainable seafood. As 
consumers are not a homogeneous group, different segments were identified and 
distinguished based on the changes in these intentions. 
The results indicate that the attitude towards the integrated message is generally positive 
although the majority of the sample (60%) does not change the intention to consume seafood 
twice per week and to buy sustainable seafood after exposure to the message. Different 
explanations may be provided for the result of not changing their intentions. First, the initial 
behaviour may already align with the recommendations provided in the exposed message 
and, consequently, these participants may not see a need to change their behaviour. In 
addition, this cluster is described with a pre-exposure high intention to consume seafood 
twice per week and with a pre-exposure high intention to buy sustainable seafood, thus a so-
called ceiling effect may explain why intentions did not further increase following information 
exposure. This finding may be the result of mid-scale use, but the profile of this largest 
cluster suggests that it is more likely a matter of steadfastness. Second, Rothschild, M.L. 
(1999) states that three different factors are essential for inducing consumer behavioural 





that motivation outweighed ability as a driver of consumers’ use of health claims as 
information cues. Hence, it is possible that despite adequate opportunity and ability, 
consumers lack the motivation to buy (more frequently) sustainable seafood as their 
motivation is more self-orientated resulting in a higher interest in factors such as health and 
price (Verain et al., 2017). Therefore, additional efforts may be needed in order to trigger 
behavioural change among these consumers, for example, by emphasizing the link between 
environmental sustainability and more self-orientated motives such as health (Verain et al., 
2017). By emphasising this link, the interest towards marine environmental sustainability may 
be triggered. Also, Gifford and Nilsson (2014) state that pro-environmental behaviour is often 
undertaken based on the motivation to improve health. In addition, a longitudinal study 
performed in Switzerland examining whether the perceptions of various environment-related 
and food consumption patterns changed between 2010 and 2014 , showed that consumers 
lack knowledge about environmental impacts of specific food products and that highlighting 
the direct benefits for consumers will likely result in a more sustainable food behaviour 
(Siegrist et al., 2015). Nonetheless, Verain et al. (2017) showed that although communication 
of sustainability information did not result in changes in dietary intentions in consumer 
segments with more self-orientated motives, the provided information about sustainability 
made them think at least about this topic. This might be a valuable outcome too as 
knowledge and awareness are important steps in the process of behavioural change.  
The findings of this study also indicate that a large majority of these participants are not 
scared off because of the provided information regarding the health risks and, consequently, 
they seem to be able to cope with the balanced information. This finding is consistent with 
the result that a balanced message including both risks and benefits from seafood 
consumption may not significantly change the behavioural intention regarding fish 
consumption frequency, despite an eventual worsening of the perception of fish safety, for 
example (Verbeke et al., 2008).  
In contrast with 60% not seeing a need to change the intention to consume seafood twice per 
week and to change the intention to buy sustainable seafood, two other groups in the sample 
see room for changing their intentions. The first group (14%) reported an increased intention 
to consume seafood twice per week. In general, this group is characterised by an initial 
seafood consumption frequency lower than twice per week. In addition, this low seafood 
consumption frequency is also the most important factor triggering an increased intention to 
consume seafood twice per week. Furthermore, health benefit perception is an important 
driver to them, which is in alignment with the fact that health is an important motive for 
increasing fish consumption (Christenson et al., 2017; Clonan et al., 2012; Verbeke and 
Vackier, 2005). However, this group does not change the intention to buy sustainable 
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seafood after exposure to the message, which aligns with Murray et al. (2017) who reported 
that other factors are more important to consumers than sustainability in shaping seafood 
choice. This can also be attributed to the selection of information that is more relevant to 
them regarding their initial behaviour. On the contrary, the second group (17%) is appealed 
to the information and recommendation regarding environmental sustainability and is not 
appealed to the information about health and recommendation about consumption 
frequency, which is also in accordance with their initial consumption behaviour. The main 
predictor for an increased intention to buy sustainable seafood is a low sustainable seafood 
buying frequency among this group.  
Overall, the majority of the participants hardly change their behavioural intentions or they 
select one of the two kinds of recommendations given in the message to which they were 
exposed. We were not able to distinguish a group described with both an increased intention 
to consume seafood twice per week and an increased intention to buy sustainable seafood. 
This may either reflect consumers’ insensitivity to at least one of both issues due to other 
food choice motives, or due to the selection of the domain that is most relevant to them 
regarding their initial behaviour (Verain et al., 2017). Alternatively, it may indicate that 
consumers are not yet convinced about a potential match between health and sustainability 
benefits, and the possibility of pursuing these benefits simultaneously in the case of seafood, 
which is apparently stronger in the case of plant-based diets according to Van Loo et al. 
(2017).  
Although a lot of information is provided in the exposed message, the participants are in 
general able to cope with the exposed combined information. This is also confirmed by  
Verain et al. (2017), in which dietary communication strategies combining health and 
sustainability information are advised, as the results of this study showed that the combined 
message strategy was not less effective than the “health condition” and the “sustainability 
condition”. A limitation is that participants have been explicitly asked to pay attention to and 
read the experimental messages, whereas we cannot assume that they would do so 
voluntarily in real life situations, i.e. such messages might be ignored or not attended to.  
Besides initial behaviour as the most important predictor to increase the intention to buy 
sustainable seafood, also attitude towards the message and the option to buy sustainable 
seafood are significant determinants. Compared to the eco-label option, the seasonality 
option enhances the chance to increase the intention to buy sustainable seafood. This 
confirms the hypothesis that providing alternative options may reach a broader range of 
consumers, instead of the already “green consumers” and consumers who already care 





seasonality and origin, other important drivers of fish consumption and purchase decisions 
may also be targeted, such as quality and freshness, may also be targeted (Almeida et al., 
2015; Altintzoglou and Heide, 2016; Carlucci et al., 2014; Claret et al., 2012; Murray et al., 
2017). Although the attitude towards the message has an impact on the intention to buy 
sustainable seafood, the information source has no impact on any of the intentional changes, 
which is in alignment with previous findings (Verbeke et al., 2008). Beliefs such as risk 
perception and PCE are affected by exposure to the message. However, these beliefs do not 
explain changes in intentions regarding seafood consumption frequency and sustainable 
seafood buying behaviour.  
Future research may focus only on participants who do not yet behave as recommended in 
the message, for example the heavy seafood consumers of Cluster 5 or the consumers from 
Cluster 4 who responded negatively to the message. A small group (4%) with a general initial 
seafood consumption frequency higher than twice per week has been distinguished, whereas 
this group was characterised by a higher intention to consume seafood twice per week after 
exposure to the message. This may indicate that they might consider decreasing their 
consumption frequency to twice per week after exposure to the message. Yet, it may also be 
a methodological issue as this group might have misunderstood the question as if it meant 
that they will keep trying to meet the recommendations. Future research should focus more 
on this group of consumers and eventually also on vulnerable population groups, such as 
pregnant women, as they may potentially be at risk when eating high amounts of particular 
seafood species (Domingo, 2016). In a similar vein, future research could focus on 
investigating the reasons (e.g. perceived barriers) for eventual negative responses to 
message exposure. Consequently, it is relevant to investigate whether the communication 
strategy has to be adapted to the needs of these groups. For example, providing species 
specific advice or specific toxicological implications information may be advisable. 
Knowing that consumers’ buying behaviour may push fisheries to change their production 
methods with regards to environmental impact, the focus of this research is on behavioural 
intentions of consumers (Gutierrez and Thornton, 2014; Iles, 2007; Rex and Baumann, 
2007). An important caveat is that we assessed and analysed behavioural intentions using 
self-reported measures following exposure to information, which may be prone to social 
desirability bias, and thus may not necessarily match with or translate into actual behaviour. 
Longitudinal studies are recommended to measure actual impacts of real life communication 
campaigns. Furthermore, consumers are only one player in the seafood value chain. Hence, 
communication efforts are also needed for wider group of stakeholders (e.g. policymakers, 
dieticians, consumer organisations, retailers, fishermen and fish processing industry) (Iles, 
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2007; Luskin and Del Matto, 2007) to ensure that future seafood production and consumption 
become more sustainable.  
6.5. Conclusion 
Combining information about health benefits, health risks, and environmental sustainability 
regarding seafood consumption in information and dietary recommendation messages is 
advised. This study confirms that integrated messages including both domains (health and 
environmental sustainability), are likely to be effective to change the behavioural intentions in 
favour of both public and environmental health with regards to their initial behaviour. This 
study shows that there is substantial potential to trigger behavioural changes regarding these 
domains in certain population segments, which will require efforts emphasizing the link 
between personal health and environmental sustainability. It is shown that consumers are 
able to cope with the combined message and in this way awareness and knowledge are 
created that may result in future behavioural changes, as awareness is an essential step in 
triggering behavioural changes. The findings of this research may be of importance for 
further communication activities by different actors, such as policymakers, food industry and 







Appendix I – Message conditions 
Participants were randomly provided with one of the three following message conditions. The 
participants were randomly assigned with one of the three message conditions and with one of the 
three possible information sources. 
 
Message 1 – Eco-label: Omega-3 fatty acids, selenium, iodine and vitamin D have a beneficial impact 
on human health. Fish and marine products are important natural sources of omega-3 fatty acids, 
selenium, iodine and vitamin D in the human diet. Fish and marine products are also sources of 
dioxins, mercury, marine biotoxins and endocrine disruptors in the human diet. Dioxins, mercury, 
marine biotoxins and endocrine disruptors have an unfavourable impact on human health. 
Consumption of two portions of fish or seafood per week, of which at least one portion is fatty fish, 
contributes to a safe and healthy diet. However, stocks of wild fish are not adequate to meet the 
nutrient demands of the growing world population. Furthermore, there is an increasing threat of 
species depletion and habitat destruction. Therefore, it is recommended to buy/eat seafood with an 
eco-label, e.g. MSC, ASC, POPA or FoS label. These labels guarantee sustainable practices.  
Message 2 – Origin: Omega-3 fatty acids, selenium, iodine and vitamin D have a beneficial impact on 
human health. Fish and marine products are important natural sources of omega-3 fatty acids, 
selenium, iodine and vitamin D in the human diet. Fish and marine products are also sources of 
dioxins, mercury, marine biotoxins and endocrine disruptors in the human diet. Dioxins, mercury, 
marine biotoxins and endocrine disruptors have an unfavourable impact on human health. 
Consumption of two portions of fish or seafood per week, of which at least one portion is fatty fish, 
contributes to a safe and healthy diet. However, stocks of wild fish are not adequate to meet the 
nutrient demands of the growing world population. Furthermore, there is an increasing threat of 
species depletion and habitat destruction. Therefore, it is recommended to gain information (via 
recommendation lists, package, fishmonger, websites) about the origin of the seafood species 
(harvesting area) and consequently buy/eat these specific seafood species that are harvested in areas 
where the stocks are not endangered. 
Message 3 – Seasonality: Omega-3 fatty acids, selenium, iodine and vitamin D have a beneficial 
impact on human health. Fish and marine products are important natural sources of omega-3 fatty 
acids, selenium, iodine and vitamin D in the human diet. Fish and marine products are also sources of 
dioxins, mercury, marine biotoxins and endocrine disruptors in the human diet. Dioxins, mercury, 
marine biotoxins and endocrine disruptors have an unfavourable impact on human health. 
Consumption of two portions of fish or seafood per week, of which at least one portion is fatty fish, 
contributes to a safe and healthy diet. However, stocks of wild fish are not adequate to meet the 
nutrient demands of the growing world population. Furthermore, there is an increasing threat of 
species depletion and habitat destruction. Therefore, it is recommended to gain information (via 
recommendation lists, package, fishmonger, websites) about seafood  species that have a mature size 
in a particular season and consequently buy/eat these specific seafood species that have a mature 





GENERAL DISCUSSION AND CONCLUSIONS 
 
In previous chapters, the findings and implications have been discussed in detail. In this 
section, the main findings in association with the four research objectives (Figure V.1) will be 




Figure V.1. Schematic representation of the structure of this thesis, representing the main parts that are 








General overview and discussion 
 
The research objectives revisited 
Research objective 1: Map consumer perception and knowledge about potential 
environmental contaminants in seafood and their perceived impact on seafood safety 
and public health. 
Although this thesis confirms consumers’ positive image of consuming seafood, gradients 
are found in consumers’ health risk-benefit perception related to seafood consumption. 
Seafood consumption frequency is mainly determined by country-related traditions and 
habits related to seafood rather than by risk-benefit perceptions. Segments with a higher 
benefit perception, irrespective of their level of risk perception, show a more positive attitude 
towards consuming seafood and towards the marine environment; moreover, they report a 
higher concern about the marine environment. In all countries, with the exception of Ireland, 
results demonstrated that a high risk perception does not correspond with a low confidence 
in seafood safety control organisations, which indicates that this type of organisations may 
have an important role in building and strengthening the confidence that European 
consumers have about seafood safety issues.   
Research objective 2: Study the interrelationship between awareness and concern 
about marine environmental problems with Perceived Consumer Effectiveness (PCE), 
being a predictor of pro-environmental behaviour. 
The analyses within this thesis confirm that European citizens have a strong concern about 
marine environmental problems. Participants from the southern countries reported the 
highest concern. In addition, the study participants did not have a strong belief in themselves 
in being capable of making a difference in tackling marine environmental problems. However, 
a higher awareness, which was associated with a higher degree of concern, enhanced the 
belief that an individual can make a difference in tackling marine environmental problems, 
though only when a concrete action was proposed. Consequently, information campaigns 
focusing on pro-environmental behaviour should raise public awareness about marine 
environmental problems and at the same time explicitly refer to concrete possible actions. 
The findings indicate that when communication strategies only raise awareness and concern 
without mentioning a concrete action, PCE might even decrease and render the 
communication effort ineffective.  
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Research objective 3: To perform a risk assessment in order to assess the potential 
impact of seafood contaminants on public health. Particularly to assess the health 
risks of seafood consumption based on in-depth probabilistic exposure assessment. 
For all the 25 contaminants considered in the exposure assessment, the average exposure 
and the 95th percentile are the highest for Spain and Portugal. This can be explained by the 
higher total seafood consumption in these two countries compared to the seafood 
consumption in the other three countries (Italy, Ireland, Belgium). But, based on the risk 
assessment performed for the different compounds, it is concluded that it is unlikely that a 
potential health risk exists through the seafood diet for the major part of the studied 
contaminants in each of the five European countries. However, attention has to be paid to 
the exposure to PBDE99 (Brominated Flame Retardant) via seafood consumption and a 
health risk is likely for the exposure to methylmercury (MeHg) through seafood consumption 
for certain population subgroups with a high seafood consumption. 
The results of the in-depth risk assessment of MeHg indicated that in the southern European 
countries, larger subgroups of the population (up to 11% in Portugal) are potentially at risk for 
a MeHg exposure above the Tolerable Weekly Intake (TWI) value, while this risk is much 
lower in Ireland (up to 3%) and Belgium (up to 1%). This research confirms the substantial 
contribution of tuna to MeHg exposure in each of the countries. Also hake, cod, sea bream, 
sea bass and octopus are identified as important contributors.  
In order to profit from the health benefits through seafood consumption, seafood 
consumption advice should in general focus on species low in MeHg content and high in 
omega-3 LCPUFA levels. In general, it implies the recommendation to consume lower 
trophic, small, fatty seafood species, such as sardine, Atlantic mackerel, herring and salmon, 
while minimising the risk of exposure to MeHg without reducing the benefits of the intake of 
nutrients (Cardoso et al., 2013; Cardoso et al., 2010; Gribble et al., 2016; Nunes et al., 2014; 
Strom et al., 2011). Earlier studies in particular European countries indicated that consuming 
fatty fish more than twice per week can result in an intake of dioxin-like compounds 
approaching the TWI (Hellberg et al., 2012; Sioen et al., 2008a). Consequently, to balance 
the potential health benefits and risks of seafood consumption, small fatty fish are 
recommended to be consumed instead of large predatory fish and large white fish, but not to 







Research objective 4 : Test the possible impact of information messages on seafood 
consumption targeted at the general public. 
Seafood consumption has an impact on both consumers’ health and on the marine 
environment, making the integration of health and sustainability aspects in information and 
recommendation messages for consumers highly topical. The results indicate that 
consumers are able to cope with the combined message and that initial behaviour emerges 
as the most important factor triggering a change in the intention to consume seafood twice 
per week and a change in the intention to buy sustainable seafood. A higher health benefit 
perception resulted in an increased intention to consume seafood twice per week. Attitude 
towards the message and the option to optimise consumers’ choice of seafood species 
favouring sustainability were significant determinants of change in the intention to buy 
sustainable seafood.  
General conclusion and discussion 
 
An important risk management strategy for food safety issues is the determination of 
maximum levels for contaminants in foodstuffs followed by regulatory monitoring campaigns 
to control if the food on the market is in accordance with those maximum levels. At the EU 
level, the Commission Regulation (EC) No 1881/2006 of 19 December 2006 sets maximum 
levels for certain contaminants in foodstuffs. It lays down the maximum limits for certain 
contaminants in food in particular to protect the health of the most sensitive population 
groups, i.e. children and pregnant women. Also for seafood and seafood products there are 
maximum levels determined for some contaminants that could threaten human health. This is 
the case for metals (lead, cadmium, mercury), dioxins and PCB’s (Polychlorinated 
biphenyls), and PAHs (Polycyclic aromatic hydrocarbons). Member State authorities are 
responsible for sampling and analysing food products to ensure that they comply with the 
legislation. When the samples contain a contaminant listed in the Annex of this Regulation 
(EC) No 1881/2006 at a level exceeding the maximum level set out in this Annex, the 
foodstuff shall not be placed on the market. 
But for some contaminants with emerging concern, maximum levels in seafood are not 
established yet at EU level. In this dissertation, a risk assessment is presented for 25 
different compounds of which the major part are priority contaminants (i.e. without maximum 
limits set for seafood at EU level). Based on the available data and on the results of this 
dissertation, it is unlikely that a health risk exists for the major part of the considered 
contaminants. The results of the consumer studies also indicate that respondents have in 
general a higher health benefit perception compared to health risk perception, especially in 
the two southern countries (Spain and Portugal) studied. 
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However, attention is needed for the priority contaminant PBDE99 and a health risk is likely 
for certain population groups when considering MeHg. Next, it is important to note that the 
results of this thesis are based on a risk assessment performed through seafood 
consumption only and for each contaminant individually. Hence, the risk for human health 
might be underestimated. In reality, consumers are exposed to a mixture of contaminants. 
Therefore, more and more research is performed on cumulative assessment groups (CAGs). 
CAGs are groups of compounds causing the same toxic effects in tissues, organs and 
physiological systems potentially leading to joint, cumulative toxicity (EFSA, 2013). 
Classifying contaminants in CAGs makes the implementation of cumulative risk assessment 
possible. This is of importance as individual components in a mixture may occur at levels 
below the toxicological reference value, but effects of the mixture may be significant (Karri et 
al., 2016; Suomi et al., 2017). Preliminary research on heavy metal mixture and PBDE 
mixture, including respectively MeHg and PBDE99, stresses the conclusion that attention 
has to be paid to these compounds (Martin et al., 2017; Suomi et al., 2017). Heavy metals 
(including MeHg) affect many of the same organs in the human body, such as the central 
nervous system, potentially resulting in additive/synergetic effects (Karri et al., 2016; Suomi 
et al., 2017). Research performed by Martin et al. (2017) suggests that acceptable levels of 
combined PBDEs may be exceeded when diets are high in fish. Furthermore, combined 
effects (synergistic, additive) might also be induced by the coexistence of PBDEs and metals 
(Martin et al., 2017).  
A detailed investigation is done for the exposure to MeHg through seafood consumption. 
Also the EFSA Panel on Contaminants in the Food Chain (CONTAM) acknowledges that 
high fish consumers may exceed the Tolerable Weekly Intake (TWI) value. Unborn children 
constitute the most vulnerable group for developmental effects of MeHg exposure and 
pregnant women can be present in the group of high fish consumers. But at the same time, 
the CONTAM Panel describes that potential health benefits have to be taken into account 
when measures are taken to decrease MeHg exposure through seafood consumption 
(EFSA, 2012).The EFSA Scientific Committee states that only a few numbers of servings 
(<1–2) can be eaten before reaching the TWI value of MeHg, which may be attained before 
the dietary reference value (DRV) for LC n-3 PUFAs (Long chain omega-3 polyunsaturated 
fatty acids). Hence, seafood species with a high content of mercury in the daily diet should 
be limited. Therefore national consumption advices are recommended so that each country 
can consider its own seafood consumption pattern (EFSA, 2012).The results of this 
dissertation strengthen the findings of the Scientific Committee and provide information on 
the contribution to the MeHg exposure in five European countries of different seafood 





By considering the exposure to priority contaminants through seafood consumption and by 
performing an in depth-analysis of MeHg exposure, the results of this thesis confirm the in 
general disseminated European food-based dietary guideline recommending two servings of 
seafood per week. In addition, providing information about seafood species high in MeHg 
levels is highly recommended especially targeted at vulnerable groups, such as pregnant 
women and high seafood consumers. 
Among the five studied European countries, Belgium and Ireland have in general the lowest 
seafood consumption frequency while the southern countries, Spain and Portugal, have the 
highest seafood consumption frequency. In addition, larger subgroups of the population are 
potentially at risk for a MeHg exposure above the TWI value in Portugal and Spain.  
Communication efforts are especially needed in these countries where a higher risk of 
exceeding the TWI of MeHg is measured in order to reduce the potential health risks related 
to high seafood consumption. But, as been highlighted before, consuming seafood is also 
associated with health benefits. For example, consumption of seafood during pregnancy is 
associated with better functional outcomes of neurodevelopment in children (EFSA, 2015b). 
Hence, in countries where seafood consumption is low, seafood consumption frequency may 
be stimulated which entails that these communication activities also need to include 
information and recommendations considering the health risks related with MeHg exposure 
through seafood consumption.  
In addition, disseminated recommendations targeting health benefits from consuming 
seafood while the health risks are reduced, need also to take into account environmental 
sustainability (Clonan et al., 2012). Therefore, the impact of integrated communication 
activities for consumers referring to health risks, health benefits and environmental 
sustainability was tested in this thesis. Within the field of environmental sustainability, the 
focus in the research performed lied on buying sustainable seafood. But, as anthropogenic 
activities cause pollution and climate change (which in turn leads to increased pollution), 
considering and stimulating pro-environmental behaviour by creating awareness and 
providing concrete actions regarding these domains are also highly relevant. The European 
Environment Agency (EEA, 2015) states in an article about “Climate change and the seas”, 
that climate change is warming the oceans which causes acidifications of marine 
environments, and changing rainfall patterns. Sea surface temperatures are increasing more 
rapidly in Europe than in the global oceans. The combination of factors exacerbates the 
impacts of other human pressures on the sea, leading to a loss of marine biodiversity. 
Threatening ocean biodiversity makes them more vulnerable to climate change. Climate 
change leads to the potential reduction of the intensity and frequency of coastal flushing 
mechanisms. This affects nutrient and larval transport resulting in an increase of the risk of 
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pollution and dead zones (Nelleman et al., 2008). In addition, results within the 
ECsafeSEAFOOD project indicate that climate change effects may facilitate the 
bioaccumulation of chemical contaminants in seafood, and may also reduce seafood’s 
availability to purify them (Reuver et al., 2017). A study performed on sea bass aiming to 
investigate the effect of increased temperature on the bioaccumulation and elimination of 
MeHg indicates that a warmer environment promotes MeHg bioaccumulation and hampers 
the MeHg elimination (Maulvault et al., 2016). 
A potential increase of the risk of pollution of the marine environment means also an 
increase of the risk for human health. Consequently, (1) monitoring of contaminant levels will 
gain in importance. Based on the results of this thesis, this is especially the case for MeHg 
and PBDE99. Next, (2) reducing pressures on the marine environment by actions taken on 
sustainable seafood consumption and on reducing marine environmental pollution by 
different actors is highly relevant. Therefore, integrating information together with actionable 
recommendations in communication strategies regarding health and environmental 
sustainability is advised. Based on the results of this dissertation, it may be concluded that 
providing more information and creating awareness about potential health risks of consuming 
seafood and about marine environmental problems is possible without having negative 
effects on seafood consumption. This dissertation emphasises the necessity and 
demonstrates the effectiveness of providing actionable recommendations. Without 
mentioning concrete actions, pro-environmental behaviour might even decrease and render 
the communication effort ineffective.  
One of the recent initiatives on global level in which creating awareness and providing 
concrete actions regarding marine environmental pollution is applied, is taken by the 
European Commission, the United States, the National Aquarium of Denmark and the NGO 
Plastic Change. They collaborate on a touring exhibition across Europe. The goal of the 
interactive exhibition is to raise awareness about plastic pollution, describing the impacts of 
microplastics on the ocean environment, and providing examples of simple actions 
individuals can take at home (EC, 2017). 
Also Mostofa et al. (2013) states that the success of remedial actions critically depends on 
the awareness of citizens, citizens should understand that saving marine resources and 
biodiversity from the consequences of unavoidable changes is vital for future generations. 
However, consumers are only one actor, and thus communication efforts are needed within 
different stakeholder (e.g. policy makers, dieticians, consumer organisations and industry) to 
ensure that the production and consumption are more sustainable (Iles, 2007; Luskin and 





for emerging chemical contaminants in seafood. One of the initiatives taken on this level is 
the EC Marine Strategy Framework Directive (MSFD, 2008/56/EC). The main goal of the 
Marine Directive is to achieve Good Environmental Status (GES) of EU marine waters by 
2020. The Directive defines GES as: “The environmental status of marine waters where 
these provide ecologically diverse and dynamic oceans and seas which are clean, healthy 
and productive”. Eleven qualitative descriptors are described in what the environment will 
look like when GES has been achieved. Descriptor 9 (contaminants in seafood are below 
safe levels) is one of the descriptors that has been addressed in the ECsafeSEAFOOD 
project. Descriptor 3 includes “Commercial Fish and shellfish”, the Common Fisheries Policy 
(CFP) is linked with this descriptor. The CFP lays down fishing rules to ensure that Europe's 
fisheries are sustainable and do not damage the marine environment. Furthermore, the CFP 
ensures that fishing as well as aquaculture activities are environmentally sustainable in the 
long-term (EC No 1380/2013). Aquaculture gains in importance as aquaculture is a means of 
meeting the increasing demand on seafood while reducing pressure on wild fish stocks, 
provided it is based on an ecologically sustainable feed source. 
Limitations and future research 
 
Specific limitations regarding the methodology and aims are highlighted in detail in the 
previous chapters. In this section the focus will be on the general limitations and 
consequently on the potential for future research related to these limitations. 
In this dissertation insight is given on the general health risk-benefit perception regarding 
seafood consumption in different European countries. However, as shown by the exposure 
assessment of MeHg, contaminant levels and consequently potential health risks may vary 
between the species consumed. A suggestion for future research is to study the relationship 
between health perception and particular seafood species. The studied population group 
may be limited to vulnerable population groups such as pregnant women. By studying this 
relationship, information is given on consumers’ knowledge and consequently it may be 
concluded whether it is necessary to provide species-specific information.  
Hence, in future research it might be relevant to focus on species-specific information and to 
study whether this would influence seafood consumption patterns. The results provided in 
this dissertation regarding the contribution of the seafood species to the total MeHg exposure 
can be considered to develop such a message. 
However, it is important to notice that the risk assessment in this thesis has been performed 
based on concentration data measured in raw samples. It is recommended to monitor 
concentration levels in processed samples as processing clearly has an influence on the 
concentration levels. The results within the ECsafeSEAFOOD project indicate that steaming 
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may increase the contaminant levels (Reuver et al., 2017). Further research is advised on 
processed samples for MeHg and PBDE99 in order to have a higher availability on such data 
and to take the effect of preparation into account. Furthermore, in this dissertation we also 
considered the health benefits in the conclusions taken, but we did not perform a risk-benefit 
assessment. In a report of EFSA (2010) it is described that a risk-benefit assessment might 
be appropriate as both positive and negative effects result from different components in the 
same food, in this case seafood. As little is known about the potential health risks of 
exposure to PBDE99 versus health benefits of exposure to omega-3 fatty acids through 
seafood consumption, future research may include a health risk-benefit assessment 
including these components. 
In addition, this thesis includes a preliminary screening of 25 different components but it has 
to be acknowledged that limited information about toxicity of some of the studied 
contaminants in humans is available, e.g. for cyclic imines. Consequently, it is recommended 
to perform further research targeted towards their toxicity.  
Also on microplastics, which is not considered in this thesis as there is a lack on human 
toxicity data, future research is necessary in order to assess the related risk for human health 
(Avio et al., 2017; EFSA, 2016). Analytical methods should be further developed in order to 
accurately assess their presence and research is especially needed on the potential effects 
on human health associated with translocated microplastics (i.e. microplastics that are 
transported from the digestive tract to the circulatory system) (EFSA, 2016; Van 
Cauwenberghe, 2015). 
Furthermore, a risk assessment was performed for each contaminant individually and 
through seafood consumption only. Human  risk  assessment  of  combined  exposure  to 
multiple chemicals and via multiple sources may be an importance challenge in future 
research (EFSA, 2013). This is especially relevant for heavy metal groups and PBDE 
mixtures. Based on the results of this thesis and previous performed research (Karri et al., 
2016; Martin et al., 2017; Suomi et al., 2017) it is suggested that more research is needed in 
the area of cumulative risk of these mixtures to perform an adequate cumulative risk 
assessment.  
Within the ECsafeSEAFOOD project an on-line tool, namely FishChoice, has been 
developed in order to provide consumers with information about their weekly intake of 
nutrients (providing health benefits) versus environmental contaminants (entailing health 
risks) through their specific seafood consumption pattern (Vilavert et al., 2017). The 
preliminary results of the evaluation of the tool, presented in Deliverable D3.7 Evaluation of 





that high seafood consumers have also a more positive attitude towards this tool. 
Furthermore, the results also indicate that attitudes towards the tool are positively associated 
with consumers’ intentions to use FishChoice in the future and to use the advice about their 
seafood consumption provided by the tool. These results highlight the relevance and 
potential for future research of studying communication strategies concerning health benefits, 
health risks and species-specific information. And, as highlighted in this dissertation, it is 
advised to include information about sustainable seafood consumption. 
The presence of environmental contaminants in marine ecosystems is attributed to various 
causes with anthropogenic activities as one of the major sources. Therefore, it is important 
that people are aware of this and that they belief in themselves in being capable of making a 
difference in tacking marine environmental problems, such as pollution. The results in this 
thesis underline the importance of giving concrete recommendations in order to enhance this 
belief and consequently to enhance pro-environmental behaviour. But, although this belief 
increases when a concrete possible action is given (compared to a message not mentioning 
a concrete action), the perceived effectiveness of individual actions remains quite low. 
Hence, future research may focus on the optimisation of campaigns and communication 
strategies in order to increase consumer awareness and how to avoid and prevent pollution. 
One of the potential strategies already highlighted in this thesis may be to emphasise the link 
between the status of the marine environment and personal health, which is a self-orientated 
motivation.  
Future research may also focus on alternative sustainable sources of nutrients that marine 
seafood species provide, particularly proteins, omega-3 fatty acids, vitamins and minerals. 
Alternatives may include for example seaweed or farmed fish. Due to on-going research 
focusing on plant-based alternatives for fishmeal and fish oil as feed for carnivorous fish, 
farmed fish may have the potential to reduce pressure on wild fish stocks and to meet the 
nutritional demand. Hence, it would be of interest to (1) investigate whether alternative 
sources may entail the same health benefits as consuming wild fish while reducing potential 
health risks that may occur through consumption of wild fish, and (2) perform consumer 







This doctoral dissertation has been performed within the framework of the ECsafeSEAFOOD 
research project. The overall objective of this project was to assess food safety issues 
related to priority contaminants present in seafood as a result of environmental 
contamination and evaluate their impact on public health, contributing to the improvement of 
seafood risk management and risk communication. 
This doctoral research contributes to this common aim by studying perceptions related to the 
marine environment and by studying consumers’ seafood health risk-benefit perception. In 
addition, a risk assessment is performed in order to assess the potential impact of 
contaminants present in seafood on public health. This research has been performed in five 
European countries (Belgium, Italy, Ireland, Portugal and Spain) and the risk assessment 
has been performed for 25 components. 
By (1) studying the perceptions related to the marine environment and related to health risks 
and health benefits of consuming seafood, and (2) performing a risk assessment which 
reveals whether potential health risks exist through seafood consumption, development of  
information and recommendation messages is possible in order to improve seafood 
consumption patterns with regards to health and sustainability. 
Earlier research shows that consumers have a higher health benefit perception versus health 
risk perception. This dissertation confirms this result; consumers have in general a positive 
attitude towards seafood consumption. Seafood consumption frequency is mainly determined 
by country-related traditions and habits related to seafood rather than by risk-benefit 
perceptions. In addition, the results indicate that European citizens have a strong concern 
about marine environmental problems, especially in countries described with a higher 
seafood consumption, such as Portugal and Spain. But, the results also indicate that citizens 
do not have a strong belief in themselves in being capable of making a difference in tackling 
marine environmental problems. However, this thesis points out that this belief can be 
increased by creating awareness together with providing concrete actions. In the long term, 
this may contribute to a decrease of the pressure on the marine environment, and 
consequently result in positive effects on human health. 
The results of the performed risk assessment indicate that most of the contaminants present 
in seafood are not associated with potential health risks. However, a health risk is likely for 
the exposure to methylmercury through seafood consumption for certain population groups. 
In Portugal, a larger subgroup of the population is potentially at risk compared to the other 
considered countries. Portugal has in general a seafood consumption frequency higher than 





but also the species consumed. However in general, it can be stated that for the majority of 
the consumers there are no health risks associated with seafood consumption. Special 
attention may be needed for vulnerable population groups, such as pregnant women. In 
future communication activities, specific consumption advice per country is advised, and 
especially targeted at vulnerable population groups. 
In addition, due to the link between the status of the marine environment and public health it 
is of utmost interest to provide also information and knowledge about environmental 
sustainability in seafood consumption advices. One of the factors putting pressure on the 
marine environment is overfishing. Hence, combining health benefit and health risk 
information as well as sustainability aspects in information and recommendation messages, 
together with concrete actions proposed, is topical. The results indicate that consumers are 
able to cope with the combined message and that certain groups indicate to change their 
behavioural intention with regards to the provided information and their initial behaviour. 
However, there is still potential to trigger behavioural changes in certain population segments 





Dit doctoraat kadert binnen een Europees onderzoeksproject, namelijk ECsafeSEAFOOD. 
De globale doelstelling van dit project was het beoordelen van voedselveiligheidsproblemen, 
meer bepaald het bepalen van de impact op de gezondheid van de mens, gerelateerd aan 
contaminanten aanwezig in vis en visserijproducten als gevolg van de vervuiling van het 
mariene milieu. Vervolgens was de finale doelstelling het verbeteren van risicobeheersing en 
risicocommunicatie. 
Dit proefschrift draagt bij tot deze globale doelstelling door het onderzoeken van de 
percepties gerelateerd aan de vervuiling van het mariene milieu, alsook van de percepties 
gerelateerd aan de gezondheidsvoordelen en mogelijke gezondheidsnadelen verbonden aan 
de consumptie van vis en visserijproducten. Daarnaast wordt ook bepaald of consumptie van 
vis en visserijproducten werkelijk een potentieel gezondheidsrisico kan betekenen. Dit 
onderzoek werd uitgevoerd in vijf Europese landen (België, Ierland, Italië, Portugal en 
Spanje) en de risicobeoordeling werd uitgevoerd voor 25 componenten. 
Door (1) het bepalen van percepties gerelateerd aan contaminatie van het mariene milieu en 
gerelateerd aan consumptie van vis en visserijproducten, en (2) het bepalen van de 
werkelijke potentiele gezondheidsrisico’s, kan er bepaald worden welke informatie 
consumenten nodig hebben om hun consumptiepatroon te verbeteren op vlak van 
gezondheid en duurzaamheid. 
 
Eerder onderzoek met betrekking tot dit onderwerp toont aan dat voor consumenten de 
gezondheidsvoordelen van visconsumptie opwegen t.o.v. de gezondheidsnadelen. Dit 
proefschrift bevestigt dit resultaat; over het algemeen hebben consumenten een positieve 
houding tegenover het consumeren van vis en visserijproducten. Consumptiefrequentie blijkt 
eerder geassocieerd te zijn met gewoontes en tradities verbonden met het land in kwestie 
dan met de gepercipieerde gezondheidsvoordelen en gezondheidsnadelen. Bovendien tonen 
de resultaten aan dat consumenten bezorgd zijn over de vervuiling van de zeeën en 
oceanen en dit vooral in landen waar er meer vis gegeten wordt, zoals Portugal en Spanje. 
Toch wordt er ook vastgesteld dat slechts weinigen overtuigd zijn zelf te kunnen bijdragen 
aan de bescherming van het mariene milieu door hun eigen gedrag te veranderen. Dit 
proefschrift toont aan dat deze overtuiging kan verhoogd worden door een hogere 
bewustwording te creëren en wanneer er tegelijkertijd concrete acties gecommuniceerd 
worden. Dit laatste kan op lange termijn bijdragen tot het verlagen van de druk op het 







Dit proefschrift toont aan dat aan de meeste contaminanten (opgenomen in dit onderzoek) 
aanwezig in vis en visserijproducten geen gezondheidsnadelen verbonden zijn. Echter, 
bepaalde groepen kunnen mogelijks wel gezondheidsnadelen ondervinden door blootstelling 
aan methylkwik via consumptie van vis en visserijproducten. Portugezen lopen meer 
gezondheidsrisico’s als gevolg van kwikinname door visconsumptie t.o.v. de andere 
bestudeerde Europese landen. Portugal heeft echter een gemiddelde visconsumptie die 
hoger is dan twee keer per week. Bovendien speelt niet enkel de hoeveelheid 
geconsumeerde vis een rol, maar ook de soort vis. Globaal kan er echter worden gesteld dat 
visconsumptie voor een overgroot deel van de consumenten geen problemen stelt en dat er 
vooral aandacht moet gaan naar kwetsbare subgroepen, zoals zwangere vrouwen. In de 
toekomst zou het aangewezen zijn dat er per land zeer specifieke adviezen komen en dit 
vooral voor risicogroepen zoals jonge kinderen en zwangere vrouwen. 
 
Daarnaast is het van belang dat consumptieadviezen ook rekening houden met de druk op 
het mariene milieu aangezien de toestand van het mariene milieu inherent verbonden is met 
de gezondheid van de mens. Een van de factoren die druk uitoefenen op het mariene milieu 
is overbevissing. Daarom is het aangewezen dat er in communicatieactiviteiten zowel 
informatie gegeven wordt over de gezondheidsvoordelen en gezondheidsnadelen als over 
het aankopen en consumeren van duurzame vis en visserijproducten, telkens gecombineerd 
met specifieke en concrete adviezen. In dit proefschrift wordt aangetoond dat consumenten 
om kunnen gaan met deze gecombineerde informatie en dat bepaalde groepen aangeven 
hun gedrag te willen aanpassen in functie van de berichtgeving en hun initieel gedrag. Echter 
blijkt dat er nog potentieel is om meer consumenten te sturen in de richting van een gezonde 
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